


ISSN 0394-9125 


STUDIA 
GEOBOTANICA 


An international journal 








Vol. 11 1991 








EDITORS 

G. Estabrook - Ann Arbor, Mi 
L. Iljanic - Zagreb 

E. Mayer - Ljubljana 

L. Orloci - London, On. 

F. Pedrotti - Camerino 

S. Pignatti - Roma 

A. Pirola - Pavia 

J. Poelt - Graz 

L. Poldini - Trieste 

E. Wikus Pignatti - Trieste : 


EDITOR IN CHIEF 
D. Lausi - Trieste 


SECRETARY 
P.L. Nimis - Trieste 





Dipartimento di Biologia 
Sezione di Geobotanica ed Ecologia vegetale 





Università di Trieste 


INSTRUCTIONS TO AUTHORS 


STUDIA GEOBOTANICA publishes original articles in the field of geobotany. 
It also publishes book reviews, notices of scientific meetings and summaries of proceedings. 


MANUSCRIPTS should be submitted in duplicate to an Editor or to the Secretary of the Editorial Board. 
The Secretary will confirm receipt of the manuscript. The suitability of submitted manuscripts will be jud- 
ged by appropriate members of the Editorial Board. For specialized articles, appropriate referees will be 
consulted. The Secretary will inform authors of the acceptance or rejection of manuscripts or the need 
for substantial revisions or reduction. 

Manuscript should be typed, double-spaced, on white bond paper with a 25 mm margin on all sides. 


LANGUAGE should be preferably English, Italian, French and German are also accepted. 


THE TITLE should be informative and brief. The name (s) of the author (s) should be placed below the 
title. References to research projects, institutional publication numbers, etc. should be placed in a footnote 
to the author’s names. 

Acknowledgements and dedications should be simply phrased and given at the end of the article. 


KEYWORDS, no more than 10, in English, should be placed on the title page in alphabetical order. 


ABSTRACT. An English abstract must be included. A summary in either French, German, Italian or in Sla- 
vian language may also be added. It should not exceed one manuscript page. 


LITERATURE. For examples see the published Studia Geobotanica. 
CHAPTER HEADINGS should be given without designations, second or third order subheadings are permitted. 


TABLES should be typed on separate pages, and not in the text itself. They should preferably be submitted 
in camera - ready form, i.e. typed on an IBM electric typewriter (using, c.g., an ‘Artisan’ typing element 
and carbon ribbon). Tables should be typed without corrections in such a way that they can be reduced 
to one full page (width 120 mm). Large tables should be prepared in the same way. If they cannot be re- 
duced to page-size, they will be inserted as fold-out tables: if possible, this should be avoided. 

Tables must be numbered and given descriptive titles. If the tables are not prepared according to these 
instructions, the publishers reserve the right to ask for a contribution to the actual cost. 


ILLUSTRATIONS. Figures such as drawings and graphs should be done in India ink on smooth tracing pa- 
per. Names, numbers or other symbols should also be written in India ink or, preferably, by ‘Letra-set’ 
or a Similar system. Reduction of these figures should be taken into account when preparing the lettering. 
Titles and legends to the figures should be typed on a separate sheet. All figures should be numbered. 
Plates should be avoided, but when used, they should be numbered and supplied with informative title. 


CORRESPONDENCE: on matters related to manuscripts should be addressed to the respective Editor or 
to the Secretary. Correspondence on manuscripts after acceptance or concerning page proofs should be 
addressed to the Secretary of the Editorial Board: 


Prof. Pier Luigi Nimis, Dipartimento di Biologia, 
cas. Universita I - 34100 TRIESTE (ITALY) 


ISSN 0394-9125 


y 


GEOBOTANICA 


An international journal 


Vol. 11 1991 


EDITORS 
. Estabrook - Ann Arbor, Mi 
. Iljanic - Zagreb 
. Mayer - Ljubljana 
. Orloci - London, On. 
. Pedrotti - Camerino 
. Pignatti - Roma 
. Pirola - Pavia 
Poelt - Graz 
. Poldini - Trieste 
. Wikus Pignatti - Trieste 


MeEcpoOnrmro 


EDITOR IN CHIEF 
D. Lausi - Trieste 


SECRETARY 
P.L. Nimis - Trieste 


Dipartimento di Biologia 
Sezione di Geobotanica ed Ecologia vegetale 





NTIANS\ 
\ 
\\ ( 
Y 
39> 


ee 


Gt 
A 
x Nie. a 
Ny 
y ¢ \ 
N 
YN 
e 
LNs 


Universita di Tneste 


STUDIA GEOBOTANICA 
11: 3-76, 1991 


LICHENS AS BIOINDICATORS OF AIR POLLUTION 
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Abstract: This paper presents the results of a study on air pollution by SO, in the Veneto 
Region (north eastern Italy), using the "Calibrated Lichen Index of Air Quality" (I.A.P.) 
proposed by Liebendoerfer et al. (1988). This index, based on the frequency of epiphytic 
lichen species within a sampling grid of 10 units, has been tested by the authors in two 
preliminary studies carried out in two different areas of northern Italy (the town of La 
Spezia and the northern part of the province of Vicenza), revealing a high degree of 
correlation with pollution by SO,, measured by automatic recording gauges. The index 
has been computed for 662 stations scattered throughout the Region of Veneto, whose 
surface area is of 18.364 km2. The average number of relevés in each station is 3.7, with a 
total number of 2.425 relevés. The tree genus selected for sampling is Tilia. Altogether, 
80 lichen species have been recorded during the survey, with a prevalence of nitrophytic 
and neutro-basiphytic lichens indicating a diffuse secondary eutrophication of the bark 
by agricultural activities. 

Pollution maps for the seven provinces and for the entire region are presented. 
The evaluation of pollution levels is based on the correlations between the index and SO, 
levels found in the preliminary studies. All maps have been drawn by programs of 
automatic mapping. 

The results show that in 93.7 % of the regional territory there is a very low 
probability of the occurrence of SO, concentrations higher than the thresholds established 
by law; this part of the region has yearly means of the 98th percentiles lower than 84 
ug/m3. 25 % of the region has moderate pollution levels, 23.4 % a low pollution, and 44.9 
% a very low air pollution. The most polluted areas are located in the southwestern part 
of the region. The pollution pattern agrees very well with the location of the main 
sources of pollution, and with the directions of the prevailing winds. 

The study presents also the computerized distribution maps of eight selected 
species (Candelaria concolor, Candelariella xanthostigma, Hypogymnia physodes, Parmelia 
exasperatula, Parmelia sulcata, Physcia adscendens, Physcia orbicularis, Xanthoria parietina), 
that are discussed in relation with the main pollution patterns. The lichens species can 
be subdivided into three main groups, according to their distribution patterns. The main 


* The publication of this study has been financed by a grant of the Consiglio Nazionale delle 
Ricerche to the first author. 


factors affecting the distribution of lichens in the survey area are air pollution and the 
eutrophication of bark by agricultural activities. 

A monitoring strategy where bioindicators and instrumental recording of air 
pollution are used jointly is proposed as a good solution to air pollution mapping over 
vast areas. 


Riassunto breve: LICHENI COME BIOINDICATORI DI INQUINAMENTO 
ATMOSFERICO NELLA REGIONE DEL VENETO (ITALIA NORD ORIENTALE). - 
Questo lavoro presenta i risultati di uno studio sull'inquinamento da SO, nella Regione 
del Veneto, svolto utilizzando l' "Indice lichenico calibrato di qualita dell’ Aria" (I.A.P.) 
proposto da Liebendoerfer et al. (1988). Tale indice, basato sulla somma delle frequenze 
delle specie licheniche epifite in un reticolo di 10 unità, è stato preliminarmente saggiato 
in due diverse aree dell' Italia settentrionale (città di La Spezia ed Alto Vicentino), 
rivelando un'alto grado di predittività rispetto alla contaminazione da anidride solforosa, 
misurata da apposite centraline. L'indice è stato calcolato per 662 stazioni (per un totale di 
2425 rilievi) sparse per un'area di 18.364 km2. Tutti i rilievi sono stati effettuati su Tiglio in 
un periodo di un anno, compreso tra il Settembre del 1989 ed il Settembre del 1990. Sono 
state rinvenute 80 specie di licheni, la maggior parte dei quali cresce di norma su 
substrati eutrofizzati, a reazione neutro-basica, ed è caratteristica dell'alleanza Xanthorion 
parietinae. Ciò indica una diffusa eutrofizzazione dei substrati dovuta in primo luogo 
all'intensa attività agricola. 

Vengono presentate carte della contaminazione dell'aria da anidride solforosa 
per le sette provincie amministrative, e per l'intera Regione del Veneto. La stima dei 
livelli d'inquinamento si basa sulle correlazioni, ottenute negli studi preliminari, tra i 
valori di I.A.P. e le effettive concentrazioni di SO» in atmosfera rilevate da centraline. Le 
carte sono state ottenute attraverso programmi di cartografia automatica. 

I risultati dimostrano che nel 93.7 % del territorio regionale la probabilità di 
superamento delle soglie di SO, stabilite per legge è bassa o molto bassa (medie annue 
dei 98! percentili minori di 84 ug/m$). Il 25 % del territorio regionale presenta un 
moderato inquinamento atmosferico, il 23.4 % un inquinamento modesto, il 44.9 % ha 
livelli di inquinamento trascurabili. Le aree maggiormente inquinate, quelle cioè in cui 
maggiore è la probabilità del superamento delle soglie previste dalla legge, si trovano 
nella porzione sudoccidentale del Veneto, nelle provincie di Padova, Rovigo e Verona. L' 
andamento generale dell'inquinamento evidenziato dalle carte è in buon accordo con la 
localizzazione delle principali fonti inquinanti e con la direzione dei venti prevalenti. 

Lo studio include anche le carte di distribuzione di otto specie licheniche 
(Candelaria concolor, Candelariella xanthostigma, Hypogymnia physodes, Parmelia exasperatula, 
Parmelia sulceta, Physcia adscendens, Physcia orbicularis, Xanthoria parietina), anch'esse 
ottenute per via automatica, che vengono discusse in relazione alla distribuzione spaziale 
dell'inquinamento atmosferico nel territorio regionale. Si possono distinguere tre gruppi 
principali di specie, con differenti patterns di distribuzione nell' ambito della regione. I 
fattori principali che condizionano la distribuzione dei licheni nella Regione Veneto sono 
l'inquinamento atmosferico e l'eutrofizzazione delle scorze conseguente all'attività 
agricola. 

L'utilizzazione congiunta di bioindicatori e del rilevamento strumentale viene 
proposta come la strategia più appropriata al monitoraggio dell'inquinamento 
atmosferico su vasta scala. 


INTRODUCTION 


The aim of this paper is to present the results of a study on air pollution 
by sulphur dioxide in the Veneto Region (NE Italy) using epiphytic lichens ‘as 
bioindicators. 

This study, commissioned by the Veneto Region to the Department of 
Biology of the University of Trieste, is the first large-scale project on lichens as 
bioindicators in Italy, covering a surface area of 18.364 km2. The field data were 
obtained in 662 sampling stations, for a total of 2.425 relevés of lichen 
vegetation, based on the method proposed by Liebendoerfer et al. (1988). 

The survey, directed by the first author with the collaboration of 
Co.Ge.V. s.r.l. (Verona) and Ecothema s.r.l. (Trieste), has been completed within 
one year, from September 1989 to September 1990. 

The maps presented in this paper can be used to detect high-risk areas, 
i.e. areas where the probability of concentrations of SO, higher than the 
thresholds established by law is greatest, and to optimize the positioning of the 
automatic recording gauges. 


Air quality and air pollution 


The terms "air quality" and "air pollution" have a different meaning. Air 
quality refers to the effects of different pollutants on a variety of subjects, 
including man, animals, plants and even inorganic substrates such as 
monuments, whereas air pollution is defined in terms of concentrations of 
pollutants in the atmosphere. As discussed by Nimis (1990), "air quality" is 
much more difficult to define on an operational basis than "air pollution", for 
four main reasons; these are: 

a) scarce knowledge on the effects of several pollutants on man, animals and 
plants, 

b) the fact that injury does not always depend on average pollution values, but 
also on peak levels and on the duration of exposure, 

c) scarce knowledge of the synergic effects of different pollutants on different 
organisms, 

d) scarce knowlegde on the transfer of pollutants in the ecosystems. 

The difficulties in establishing reliable air quality indices on a 
quantitative basis often led to search for "air quality indicators", which are 
parameters indicating the degree of air quality of a given site. In the absence of a 
clear operational definition of the term "air quality" the indicators become the 
only way to define it. This may involve circular reasoning. 
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Although the term "air pollution" is much easier to define on an 
operational basis, the monitoring of air pollution is far from being an easy task. 
The main reasons are: 

1) The threshold levels established by law for the single pollutants are expressed 
as actual concentrations in the atmosphere. This requires a monitoring strategy 
based on direct instrumental recording. 

2) The concentrations of pollutants in the air are highly variable in time and 
space. Monitoring must be based on a statistical approach, requiring a high 
density of sampling points both in time and space. 

3) The high costs of instrumental monitoring are a strong constraint on the 
density of sampling points. Hence, data by instrumental nets often have a poor 
statistical quality, in spite of the apparent precision of the single measurements. 

To overcome these problems, many different "pollution indicators" have 
been proposed. Their use is conceptually easier than that of air quality 
indicators, since air pollution is easily defined in a quantitative way. An 
indicator of air pollution is any kind of parameter which is known to be related 
to pollution levels. If this relation can be expressed by a highly significant 
mathematical relation the indicator can be used as a "monitor". 

This study is based on lichens used as indicators. In the following we 
shall try to clarify what kind of information, relative to air quality and/or air 
pollution, can be obtained by our data. 


Bioindicators of air pollution and air quality 


The use of bioindicators of air pollution is based on the estimation of the 
effects of environmental changes due to air pollution on living organisms. An 
organism is considered as a bioindicator when it presents identifiable reactions 
to different degrees of pollution. It may react specifically to a certain pollutant or 
unspecifically to a mixture of toxicants. A bioindicator is optimal when it can be 
used as a biomonitor. Most studies dealing with bioindicators have a serious 
handicap: they do not provide quantitative pollution data since most 
bioindicators cannot be used as biomonitors. For this reason their use for 
regulatory decision-making may be problematic, since the maximum acceptable 
pollution levels are usually defined by law in terms of concentrations of the 
pollutants in the atmosphere. 

Organisms may be also used as indicators of air quality. Their use is 
based on the assumption that the reaction of living organisms to pollution 
phenomena is a better estimate of damage to man or other animals than 
quantitative data on the concentrations of single pollutants. In this case the exact 
nature of pollution, the concentration of substances involved and the duration of 
pollution incidents are not determined, but real potentialities for damage will be 
identified. Although this is probably true in most cases, such an approach may 
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be subject to severe criticism: often there is no experimental evidence that the 
effects of pollution will have the same intensity on the bioindicator and on man, 
other animals, or other plants. When the use of a bioindicator of air quality is 
the only way to define air quality itself the approach, involving circular 
reasoning, cannot easily be accepted as scientifically valid. 


Lichens as bioindicators - some problems 


Epiphytic lichens are generally known as very good indicators of air 
pollution and/or air quality, and as such they have been extensively used 
throughout the world. For references on the very abundant literature on the 
subject we refer to Ferry et al. (1973), Lackovicova et al. (1988,1989), and Nimis 
et al. (1991). There are different techniques for the use of lichens as bioindicators; 
among the most widely used is the approach based on Indices of Atmospheric 
Purity (I.A.P.). Several different indices have been proposed; most of them 
associate a toxitolerance factor to each species. This factor is often calculated on 
a rather subjective basis, and it appears as one of the main weakpoints of several 
indices. When reliable, direct pollution data are not available, i.e. just in the 
case where a biomonitoring study is most useful, the attribution of toxitolerance 
values to each species may even involve circular reasoning; this happens when 
new sensitivity values towards pollution are used to obtain a number which is 
claimed to be related to pollution itself. Furthermore, lichens are very sensitive 
to climatic conditions, and in particular to air humidity. The "drought effect" 
(Beschel 1958, Rydzak 1969), i.e. the drier microclimate of large towns, may not 
be a severe limiting factor in regions with an oceanic-suboceanic climate, such as 
western Europe (see Barkman 1969, Coppins 1973), but its importance increases 
with increasing continentality of the general climate (Nimis, 1986). There is 
evidence that the tolerance of a given species to air pollution may differ 
according to the general climatic conditions. Thus, even in the rare cases where a 
toxitolerance factor for calculating an I.A.P. index is based on experimental data, 
its extension to another area, with different climatical conditions, is not always 
justified. 

Recent studies in Switzerland by Herzig et al. (1985, 1987), Wanner et al. 
(1986), Liebendoerfer et al. (1988), Ammann et al. (1989), Urech et al. (1990) and 
Herzig (1990) led to the development of a new biomonitoring technique, based 
on epiphytic lichens, that proved to held very good results. These authors tested 
20 different I.A.P. formulas against real pollution data. The sum of the 
frequencies of all species within a sampling grid of 10 subunits proved to have 
the highest statistical correlation with the combined concentrations of different 
pollutants. This simple index, called "Calibrated Lichen Index of Air Quality", 
has a great advantage over other I.A.P. indices, since it does not need the 


7 


attribution of toxitolerance values to each species. For these reason, this study is 
based on the I.A.P. index proposed by the above cited Swiss authors. 


Predictive value of the adopted I.A.P. index 


Liebendoerfer et al. (1988) tested the I.A.P. index later adopted in this 
study on the basis of direct pollution data derived from two independent 
measuring networks in Switzerland, one located in the town of Biel-Bienne, the 
other in the Swiss Mittelland. In Biel-Bienne these authors found a highly 
significant statistical correlation between the index and the sum of 8 different 
pollutants (dust, SO,, NO3, Cd, Cu, Pb, Cl, Zn). The predictability of the index 
decreased when some of the pollutants were excluded from the analysis. In the 
Swiss Mitteland the mixture of pollutants consisted of SO,, NO, NO,, 03; also in 
this case the I.A.P. index proved to have a very high statistical correlation with 
the pollution data, and the significance of the correlations decreased when some 
pollutants were excluded from the analysis. The authors concluded that lichens 
are sensitive not only to SO,, as it was generally assumed by most authors, but 
to a mixture of toxicants. As such, they can be utilized as monitors of air quality. 
In this case "air quality" is defined in terms of probability of recording 
concentrations of some pollutants that are above the threshold levels established 
by law. This definition does not involve circular reasoning, being based on a 
sound experimental design and on a statistical analysis of both lichen and 
pollution data. 


Testing the method in Italy 


Before adoption of the methodology proposed by the Swiss authors in 
the survey of the Region of Veneto, we decided to test it in a narrower area 
located within the north Italian territory. The area chosen was the town of La 
Spezia (Liguria) and its surroundings. The available pollution data were 
limited to SO, recorded by 8 gauges. Data on metal deposition have been 
obtained indirectly in 34 stations, using a lichen (Parmelia caperata) as a 
bioaccumulator. The results were as follows: 

1) Regardless of the fact that in the immediate surroundings of the 8 gauges it 
was not possible to carry out all relevés in optimal standard conditions (absence 
of suitable trees), the I.A.P. showed a good statistical correlation with the SO, 
data (Nimis et al. 1990). 

2) Some metals were highly correlated with the I.A.P. values, while others 
showed no statistically significant correlation. The correlation between I.A.P. 
values and the sum of SO, plus all metals was lower than that against SO, data 
alone (Nimis et al., unpubl.). 


A still lower statistical correlation between I.A.P. and metal deposition 
patterns was found by us in a further test study, carried out in the northern part 
of the province of Vicenza, using lichens as bioindicators, and Parmelia 
subrudecta as a bioaccumulator of 10 metals (Nimis et al. 1991). This area is 
characterized by a very scattered occurrence of pollution sources within a 
mainly agricultural landscape: the use of lichens as bioaccumulators allowed the 
detection of the main sources for specific metals with a very high degree of 
accuracy, and the I.A.P. map was well in agreement with the location of the 
main sources of SO,, and with the direction of the prevailing winds. However, 
there was a low correlation between LA.P. index and the sum of the 
concentrations of all metals. 

These results confirm the high predictive value of the Index with respect 
to SO,, but do not agree completely with the model found by the Swiss authors. 
This might depend on two main reasons: 

1) Different pollutants have different effects on lichen species; some species are 
able to tolerate high concentrations of some metals without apparent damage, 
but are much more sensitive to other gaseous pollutants. 

2) When the emitting sources are concentrated in a relatively narrow space (e.g. 
an urban area and an adjacent industrial zone) the sum of their distribution 
patterns may reflect well the air quality situation, including possible synergic 
effects. On the other hand, when the emitting sources have a scattered 
distribution, some parts of the survey area may have high concentrations of a 
specific pollutant, while all other pollutants have low values. The effects of 
these concentrations on the I.A.P. values obviously depend mainly on the 
specific toxicity (for lichens) of the pollutant with the highest concentration. 

In other words, it is more probable that the I.A.P. will show a highly 
significant correlation with the sum of several pollutants when their deposition 
patterns are similar. When this is not the case, such a situation cannot always be 
expected. Our knowledge on the toxicity of different pollutants for lichens is not 
yet sufficient to allow the assignement of a weight to every single pollutant, in 
order to evaluate its possible effect on the I.A.P. value. 

In conclusion, the evidence which is available to date allows the use of 
the I.A.P. index adopted in this study as a reliable tool to estimate pollution by 
SO, and/or other phytotoxic gases. In the interpretation of our maps we have 
used the relation between I.A.P. index and SO, concentrations, as established at 
La Spezia (Nimis et al. 1990), to estimate the main pollution levels within the 
region. We think, however, that the index should be re-calibrated with pollution 
data relative to the Veneto Region, owing to climatical differences with La 
Spezia. Therefore, the translation of the index values into pollution values 
should be considered just as a first attempt to use lichens as biomonitors of SO, 
pollution in the region, and could be improved with further research. There are 
a few data available on SO, concentrations within the Veneto Region; these, 
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however, concern mostly areas located within the lichen desert, or with a very 
poorly developed lichen vegetation, and hence they do not allow a good 
calibration of the I.A.P. values. However, as far as the lowest I.A.P. values are 
concerned, there is a very good correspondence between the SO, concentrations 
recorded at La Spezia and those recorded within the Veneto Region. 

It must be underlined that there is sufficient evidence to state that the 
index is linearly related to pollution by SO); the effect of a new calibration 
should be to modify slightly the slope of the regression line obtained at La 
Spezia. Considering that secondary eutrophication of the bark is much more 
pronounced throughout the Veneto Region than at La Spezia, and given that this 
factor may counterbalance the acidification of the bark due to air pollution, it is 
probable that a new calibration in the Region of Veneto will reveal somewhat 
higher pollution levels than those reported in this paper. 

The maps which are presented here reflect the main distribution 
patterns of SO, pollution within the Region of Veneto. 


Advantages of using bioindicators 


One of the main advantages of the techniques based on bioindicators is 
their relatively low cost. This allows the adoption of sampling strategies with a 
relatively high density of sampling points, which, considering the nature of 
pollution phenomena, greatly enhances the data quality. The degree of error 
intrinsic in the variability of biological data is compensated by the density of 
sampling points. This permits the drawing of reliable pollution maps of large 
areas, that could not have been obtained by instrumental recording owing to the 
scarcity of sampling points. 

However, the use of bioindicators should not always be considered as 
an alternative to instrumental recording. Its greatest advantages are evident 
when the two approaches are used jointly. One of the main problems of 
instrumental recording is the positioning of the recording instruments. 
Considering their generally low number, this is a most fundamental point, with 
a great influence on the results of the instrumental monitoring net. A large-scale 
survey of the area to be monitored by instrumental recording, using an 
appropriate bioindicator, can result in the relatively rapid production of a map 
showing high-risk areas, i.e. areas where the highest pollution levels are most 
probable. These areas can be selected for the positioning of recording gauges. In 
this way the use of monitoring instruments, which are necessary to measure the 
real extent of pollution levels, can be optimized. 

An integrated approach, where bioindicators, bioaccumulators and 
recording instruments are used jointly, is probably the most appropriate 
solution for air pollution monitoring. 
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SURVEY AREA 


The Region of Veneto, in north eastern Italy, has a surface area of 18.364 
km? and a population of 4.380.252 inhabitants, with a density of 238 
inhabitants/km?. 

The region is subdivided into 7 administrative provinces. The provincial 
capitals are: Belluno (population: 26.000), Padova (population: 222.150), Rovigo 
(population: 52.484), Treviso (population: 84.500), Venezia-Mestre (population 
324.270), Verona (population: 258.700), and Vicenza (population: 109.500). 

The northern part of the region is occupied mainly by mountains: the 
Dolomites in the province of Belluno, the Asiago Plateau in the province of 
Vicenza and the Lessinian Mountains in the province of Verona. The mountain 
area has the lowest population density: it hosts only 8.1% of the population, 
although it covers 29 % of the regional territory. 

A low belt of hills connects the Alps and pre-Alps with the Venetian 
plain, which is interrupted by two other chains of hills of volcanic origin (Colli 
Euganei and Monti Berici); altogether the hills occupy 14.5 % of the regional 
territory and host 15 % of the population. 

Most of the population (76.6 %) lives in the plain, where there is also the 
highest concentration of industries and an intensive agricultural activity; 56.4 % 
of the regional territory is located in lowland areas. 

The main industrial areas are located in the lowlands, near Mestre- 
Marghera (mainly chemical industries), in the surroundings of Padova, Vicenza 
and Verona; large parts of the plains have a scattered, diffuse distribution of 
small industries, so that industrial and agricultural landscapes are often 
intermingled. 

The main climatic features of the survey area are presented in fig. 1, that 
reports the climatic diagrams (according to Walter & Lieth 1960) of 17 selected 
localities, whose location is shown in fig. 2. Three main climatic types can be 
recognized: 


1) Temperate climate (from Agordo to Cortina in fig. 1) : this climatic type is 
characteristic of mountain stations. Average yearly temperatures are lower than 
13 °C and precipitation is the highest within the region, with yearly means 
always higher than 1000 mm. There is no sign of a decrease in water availability 
during summer months, precipitations being high from spring to autumn. 

2) Intermediate climate (from Castelfranco to Vicenza in fig.1): this climatic type 
is clearly intermediate between types 1) and 3), and corresponds to the "esalpic 
climate" of Del Favero et al. (1990): it is characteristic of localities situated in the 
western and in the northern plains: there is a clear decrease of precipitation 
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Fig. 2: location of the metereological stations whose climatic diagrams are shown 
in fig. 1, and directions of the winds in the Venetian Plain. 
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during summer, with two maxima in spring and autumn, but water availability 
is good throughout the year. 

3) Mediterranean-like climate (from Badia Polesine to Verona in fig.1): it is 
characteristic of the southern plains. Average yearly temperatures are around 
13 °C, and precipitation is generally lower than 800 mm. A brief period of 
summer drought is evident in all climatic diagrams, but a real water deficit does 
not occur. For this reason this climatic type cannot be considered as tipically 
Mediterranean. The stations of Rovigo and Badia Polesine, the only ones where 
there is a short period of water deficit in summer, are located in areas with a 
very high water table. This explains the rarity in the region of true 
mediterranean vegetation, which is confined to coastal sand dunes. An 
important point, which is not visible in the climatic diagrams, is the stagnation 
of fog: this is a very frequent phenomenon during the colder seasons, 
particularly in the southern plains and in the province of Rovigo, and constitutes 
an important additional source of water for lichens. 

Winds are an important factor in the dispersion of pollutants. Fig. 2 
reports the main wind directions for 7 selected localities. The eastern plains are 
still under the influence of the Bora-winds, which are strong, dry, cold winds 
blowing from NE, particularly during the cold season. In the high plains (e.g. 
station of Bassano) local northern winds blowing from the pre-Alpine valleys 
can play a relevant role. In general, the direction and intensity of the winds in 
mountain areas are very variable, depending on the local morphology, and on 
the orientation of the main valleys. Near the coasts (e.g. station of S. Nicolò di 
Lido), there is a clear prevalence of southeastern winds coming from the 
Adriatic sea. The area around Padova is characterized by the prevalence of 
northern winds, whereas the three stations located in the western part of the 
region (Verona, Vicenza and Rovigo) have different wind patterns: Verona is 
characterized by the prevalence of eastern and western winds, Vicenza has a 
slight prevalence of northern winds, and Rovigo is still under the effect of the 
Bora winds from NE, which is much weaker than in the eastern stations. On the 
whole, the low plain is characterized by a counterclockwise rotation of the main 
wind directions. 


DATA AND METHODS 


Sampling 

All relevés of lichen vegetation were on Tilia sp. This tree has been 
chosen for sampling since it is widespread throughout the region, both in 
natural stands (on the hills and lower mountains) and in urban areas. 
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Fig. 3: location of the 662 sampling stations within the regional territory. 
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Furthermore, the bark of Tilia has a subacid pH, ranging from 4.8 to 5.6, with an 
average of 5.2, and is of mesotrophic type (Barkman, 1958), which is ideal to 
estimate the compositional variations of epiphytic lichen vegetation due to 
acidification induced by SO». 

The relevés have been carried out only in stations satisfying the 
following criteria: 

1) At least 4 trees satisfying the standard features (see below) shoud be present. 
2) The trees must have a circumference between 80 and 230 cm. 

3) The trunks must not have an inclination higher than 10° (possibly below 3°). 

4) The trees should be neither in closed natural stands, nor located adjacent to 
possible sources of disturbance, such as high-traffic roads, garbage cans, etc. 

A total of 2.425 relevés was carried out in 662 stations, the location of 
which is shown in fig. 3. 

The distribution of the stations in the 7 administrative provinces of the 
Region of Veneto is as follows: 

Province of Belluno: 30 stations. 
Province of Padova: 80 stations. 
Province of Rovigo: 65 stations. 
Province of Treviso: 80 stations. 
Province of Venezia: 60 stations 
Province of Verona: 120 stations. 
Province of Vicenza: 227 stations. 

The higher density of stations in the northern part of the province of 
Vicenza is due to the fact that in this area we carried out a preliminary survey to 
test the methodology which was later extended to the entire region, and in 
particular to estimate the optimal sampling density. The results of this survey, 
which show the degree of accuracy that can be reached by a higher sampling 
density, have been published by Nimis et al. (1991). 

The sampling strategy was as follows: 

1) The choice of the stations was based on preferential sampling because of the 
uneven distribution of suitable stations. A large amount of time was spent in 
the research of suitable stations, and in large parts of the survey area all stations 
fulfilling the standard features have been sampled. 

2) In each station relevés were carried out on at least four randomly selected 
trees. 

3) Relevés were taken using a sampling grid of 30 x 50 cm, subdivided into ten 
rectangles, placed on the boles at an height of 1.2 m. The centre of the grid was 
positioned in the part of the bole with highest lichen coverage. 

4) A relevé listed all species found within the grid, with the number of grid units 
in which every species occurred (frequency value) being computed. 

5) The sum of the frequency values of all species is the I.A.P. of the relevé. 
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6) When the I.A.P. values of the four relevés of a station were widely different, 
more relevés were carried out, until the distribution of the values fitted a bell- 
shaped curve. When no more trees were available, the station point was 
considered as a "low data-quality point". 

7) The I.A.P. of the station is the average of the I.A.P. values of all relevés within 
the same station. 

8) Low data-quality points were disregarded in the analysis unless no other 
suitable station was present within a radius of at least 10 km from the next high 
data-quality point. In any case, the number of low data-quality points does not 
exceed 5 % of the total number of stations. 

Prior to sampling, the performance of the operators has been checked 
during a training period, so that the results obtained by different people were 
comparable. 

A card has been compiled for each station, with the following 
information: 

1) Geographical coordinates of the station and its location on a topographic map 
at a scale of 1: 25.000.000. 

2) Schematic drawing of the sampling site with the exact location of the trees 
where relevés were carried out. 

3) Colour picture of the sampling site. 

4) Diameter and inclination of each tree, and exposure of the relevés on the 
trunks. 

5) Total cover of lichen vegetation within the sampling area of each relevé. 

The information in 1-3 will allow further repetitions to be made at a later 
date, to monitor the temporal variation of pollution phenomena throughout the 
region. These data are not reported here for reasons of space. They are available 
upon request to the Region of Veneto. 


Data Analysis 


In order to study the compositional variation of epiphytic lichen 
vegetation in the survey area the data have been processed by programs of 
multivariate analysis (classification and ordination). The analysis has been 
carried out in two steps: 

1) For each station, the frequency data of each species in each sampling grid 
(relevé) have been averaged. A station vector is defined by the average 
frequency values of all species occurring in the relevés of the same station. The 
station vectors of each province have been separately subjected to numerical 
classification, in order to obtain groups of stations with similar floristic 
composition. The algorithm used was Complete Linkage Clustering with 
Euclidean Distance, using the program package of Wildi & Orloci (1983). These 
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results have been used to comment briefly on the main features of lichen 
vegetation within each province. 

2) To obtain a genera] synthesis, a second matrix has been constructed, where 
the rows are species and the columns report the station groups obtained in the 
previous step; for each species the matrix reports its percentage occurrence 
within a station group. This matrix has been processed by numerical 
classification and reciprocal ordination, to detect the main trends of floristic 
variation within the survey area, and to discuss the main factors which are 
responsable of this variation. In this case also, the program package by Wildi & 
Orloci (1983) has been used. 

The choice to subdivide the entire data set into 7 subsets (one for each 
province), and to use for the synthesis the contingency table of the groups 
obtained by numerical classification of the subsets, was based solely on the 
ground that it was necessary to reduce the computing load to perform 
multivariate analyses of the matrices. 


Mapping procedures 


Two types of maps are presented in this paper: 

1) I.A.P. maps, showing the spatial distribution of the I.A.P. values within each 
of the seven provinces, and within the entire Veneto Region. These are based on 
the I.A.P. values of the different stations. 

2) Maps showing the distribution patterns of selected species. These are based 
on the average frequencies of each species within each station. 

All maps have been obtained by computerized automatic mapping in 
order to avoid subjectivity in the cartographic expression of the results. We 
have utilized the program package SURFER (Golden Software Inc., Golden, 
Colorado, U.S.A.). The programs are based on a grid, whose mesh size depends 
on the minimum and maximum values of the input data. The interpolation 
method utilized to create a regular grid starting from points (stations) 
irregularly distributed on the survey area is based on the I.A.P. values of the 10 
stations nearest a given point. The influence of a given station on the others is 
inversely proportional to their distances. 

In interpreting the maps, one should be aware that their reliability is not 
the same for each part of the map, since it depends on the density of sampling 
points. The density should be higher in mountain areas with a rugged 
morphology. However, it is just the mountain area that has been sampled with 
lowest intensity in our study. The main reason for this choice is that we have 
preferred to attain a higher sampling intensity in the more densely populated 
areas of the Venetian Plain. The maps of the mountain areas, and in particular 
that of the province of Belluno, are mostly valid only for sites located in the main 
valleys. No station was located above 1.300 m. 
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Taxonomical remarks 


Since all relevés have been carried out in the field, some species 
presented identification problems that cannot always be solved without analysis 
in the laboratory. In most cases, dubious material was collected in the field, and 
identified later in the laboratory. In the following we list a few cases in which 
the adopted nomenclature, which mostly follows Nimis & Poelt (1987) needs 
clarification. 

- Buellia punctata: the epiphytic forms of the B. punctata complex are still very 
poorly known, and in need of revision. Here the species is meant in a very broad 
sense. 

- Lecanora gr. hagenii: this name includes two lichens, L. hagenii s.str., which 
occurs mainly on eutrophic bark in relatively unpolluted areas, and another 
lichen, belonging to the same group, which, however, differs from L. hagenii s. 
str. in the non-pruinose apothecia with entire margin. The latter is most common 
in polluted areas, and sometimes is the only species which occurs within urban 
settlements; perhaps it corresponds to forms which are sometimes treated as 
Lecanora umbrina auct. 

- Lecidella elaeochroma: this species belongs to a difficult group, where several 
species have been recognized on the basis of characters whose taxonomic 
significance is still not clear; in the survey area Lecidella elaeochroma s.str. is the 
most frequent taxon, but also Lecidella achristotera and Lecidella euphorea have 
been recorded sometimes. Since these three species are difficult to distinguish in 
the field, they have not been distinguished in the relevés, and here L. elaeochroma 
is meant sensu lato. 

- Nectriacea sp.: with this name we designate a conidiophoral lichenized fungus 
with small bright yellow pycnidia and a poorly developed greenish thallus, 
which appears to be relatively frequent in some parts of the region, even in 
rather polluted areas. The identification at genus and species levels has not yet 
been possible (Poelt, in litt.). 

- Physcia vitii: with this name we designate a Physcia resembling Physcia 
adscendens, but with a more robust thallus lacking fibrils. It corresponds well 
with the description of P. vitii, but we have no reference material to check this 
identification. 

- Rinodina exigua: this is the most common epiphytic Rinodina throughout the 
survey area. However, some samples identified in the laboratory proved to 
belong to R. pyrina. Since the two species are difficult to distinguish without the 
observation of the spores, some citations of R. exigua might actually refer to R. 
exigua. 
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- Usnea subfloridana aggr.: the thalli of Usnea found throughout the survey area 
are always very poorly developed; this identification cannot be other than an 
“educated guess" and it might be that more taxa are involved here. 

- Xanthoria fallax: according to J. Poelt (in litt.), who is preparing a revision of 
Xanthoria fallax s. lat., the material identified as X. fallax by European 
lichenologists includes at least three distinct species: of these, Xanthoria fallax s. 
str. Xanthoria fulva, and another taxon provisionally named Xanthoria bella occur 
in our survey area; they have not been distinguished in the relevés, so that here 
Xanthoria fallax is treated in the old sense, including the three species. 


RESULTS 


The results of this study are presented in this chapter, according to the 
following scheme: 
1) Numerical analysis (classification and ordinations) of the matrix of species 
and station vectors, relative to all provinces. 
1) For each of the seven provinces: (a) classification of the station vectors into 
groups, and (b) I.A.P. maps of the provinces. 
3) LA.P. map of the entire region. 
4) Distribution maps of selected species. 

The basic data (2.425 relevés and the exact location of each station) are 
not presented in this paper for reasons of space. They are available upon request 
to the first author. 


The lichen vegetation within the region 


Altogether, 80 species have been recorded during the survey. The most 
common are, in order or decreasing frequency (see tab. 1): Physcia orbicularis, 
Physcia tenella, Lecidella elaeochroma, Physcia adscendens, Xanthoria parietina, 
Lecanora chlarotera, Parmelia exasperatula; all them have their optimum within 
communities of the Xanthorion parietinae, which, considering the physico- 
chemical properties of Tilia bark, indicates a strong secondary eutrophication of 
the substrates throughout the region. This remark concerns the whole flora, 
since most of the rare species are also Xanthorion elements: the eutrophication of 
the bark is mainly due to the intense agricultural activity. 

The frequency vectors of all groups of stations obtained by the 
numerical classification of the 7 stations sets (one for each province, tab. 1) have 
been submitted to classification and ordination, in order to: 

1) obtain a synthetic view on the lichen vegetation on Tilia in the survey area; 
2) detect the main trends of compositional variation, and analyze the main 
factors underlying this variation. 
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Group n° 111222233333333333344444444444444 


Province VVVVVTTTTTBBBVVVVVVVVVVVPPPPRRRRR 
RRRRRVVVVVLLLIIIIIIIEEEEDDDD00000 
Station group n° 123451234512312345671234123412345 


Candelariella xanthostigma 233033 

Physcia stellaris 2441 33 

Xanthoria fallax 2322122 

Parmelia subargentifera 23) O12 

Rinodina exigua | 112122 VAT? Di 
Chaenotheca furfuracea 121333 hier 2 oa 
Physcia aipolia 4541222 1 Pee ted 
Lecanora carpinea 4551}}41 “Alte 111115 aid 
Lecanora gr. hagenii 3341 2 PUA 1 20610222) di 
Caloplaca cerina 23511 ee ae 
Usnea subfloridana 21133511) 111 12 1 
Evernia prunastri 12334011212221-13 51 2b titel 
Hypogymnia physodes \221354212]11311 23 11121121 
Physcia vitii L23110 2111212111114 
Parmelia subrudecta ise ame ge ig gs an es De es 
Lecanora subfuscata 23 111 
Lecanora allophana 33 11 
Candelariella vitellina 34 22 
Parmelia tiliacea 14 ula lane a 
Parmelia pastillifera 12 

Caloplaca ferruginea 12 

Parmelia quercina 12 

Parmelia glabra 

Caloplaca flavorubescens 

Parmelia saxatilis 

Anaptychia ciliaris 

Cliostomum corrugatum 

Ramalina farinacea 

Normandina pulchella 

Physconia detersa 

Collema nigrescens 

Physconia perisidiosa 

Parmelia glabratula 

Hypogymnia bitteriana 

Physconia distorta 

Opegrapha lichenoides 

Arthopyrenia lapponina 

Physcia clementei 

Scoliciosporum umbrinum 

Pertusaria amara 
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Heterodermia speciosa 

Physconia enteroxantha 

Buellia punctata 

Catillaria nigroclavata 

Opegrapha atra 

Arthrosporum accline 

Graphis scripta 

Nectriacea sp. 

Parmelia exasperata 

Lecanora conizaeoides 

Candelariella lutella 

Caloplaca holocarpa 

Arthopyrenia punctiformis 

Parmelia subaurifera 

Lecanora symmicta 

Ramalina fastigiata 

Lecidella flavosorediata 

Bryoria furcellata 

Scoliciosporum chlorococcum 

Parmeliopsis ambigua 

Physcia hirsuta 

Parmelia acetabulum 2 
Pseudevernia furfuracea 211 4 
Parmelia caperata LISI 

Physcia biziana 22011 IERI 15111122321] 
Arthopyrenia antecellens 22 Ga Ca A I eee ie 
Physconia grisea 01201221 LILI Sill 32214%)5 
Physcia orbicularis 93909991134934221235595999949945995 
Lecidella elaeochroma 555445325442442225345334443452342 
Physcia tenella ISA2Z4343L 15599999 900000 I009000 5424 
Parmelia sulcata 14535554 14122211 5322122113112 
Parmelia exasperatula 35435552142242222244423244234111 
Xanthoria parietina | 53511231 232222221255444434224353 
Lecanora chlarotera I 4553332 132221122255342122123354 
Physcia adscendens 555554422221121221 54332533122142 
Candelaria concolor 5555533: “2122211 55559524245354 
Hyperphyscia adglutinata 4334212 111111 55233212114134 
Arthonia radiata 2223323" ICE 532322 1 14241 
Candelariella xanthostigma 13542351 111133 652 9027, 
Candelariella reflexa 45512 21 1 111111 25422334341 12 





Tab.1: Station vectors obtained by numerical classification of the 7 matrices of stations 
and species (one for each province), ordered as in the dendrogram of fig. 4. The numbers 
refer to 5 frequency classes, with intervals of 20 % each. Four groups are distinguished, as 
in fig.4. Provinces: BL (Belluno), PD (Padova), RO (Rovigo), TV (Treviso), VE (Venezia), 
VI (Vicenza), VR (Verona). Further explanations in text. 
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Fig. 4: dendrogram obtained by numerical classification of the matrix of station 
groups and species (tab.1). The station groups have been obtained by numerical 
classification of 7 matrices of stations and species, one for each province. The 
abbreviations of the provinces are as in the caption of tab.1. Further explanations 
in the main text. 
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The dendrogram of the frequency vectors is shown in fig. 4: four main 
groups are formed (1,2,3,4); tab 1 reports the species and the frequency vectors, 
ordered as in the respective dendrograms. 

In the following, each group will be briefly discussed, referring also to 
the pollution pattern shown by the LA.P. map (fig. 21), that will be commented 
on later. 

Group 1: it includes only three groups of stations, located on the low 
hills of the provinces of Verona and Vicenza. In this group the number of high- 
frequency species is great. Strongly acidophytic species are less frequent than in 
the following group, whereas nitro- and neutro-basiphytic species, such as 
Candelariella reflexa, Xanthoria parietina and Xanthoria fallax are more frequent. 
Also in this case Xanthorion species are prevalent: some of them, however, are 
characteristic of moderately eutrophiated, subneutral-subacid bark (e.g. Physcia 
stellaris, Physconia distorta, Parmelia subargentifera). Also some species of 
Parmelion occur in this group, that represents well developed stands in relatively 
pollution-free areas with a moderate impact of agricultural activity (slight 
eutrophication of the bark). 

Group 2: it includes four groups of stations, located in relatively 
undisturbed sites of the provinces of Belluno and Vicenza, mostly in the 
mountains. It has a large number of high-frequency species, and the greatest 
frequency of acidophytic and relatively anitrophytic lichens, such as Chaenotheca 
furfuracea, Usnea subfloridana aggr., Evernia prunastri, Hypogymnia physodes, 
Parmelia sulcata. The majority of the most frequent species, however, are 
elements of Xanthorion vegetation. This group represents well developed stands 
in relatively pollution-free areas where the impact of agriculture, and hence the 
secondary eutrophication of the bark, are low. 

Group 3: this group includes 12 frequency vectors, relative to stations 
located in the provinces of Treviso, Venezia, Padova, Verona and Rovigo. Most 
of the stations are located in heavily urbanized areas, often close to industrial 
centres. This group is characterized by a low number of species, the most 
frequent ones being Physcia orbicularis, Physcia tenella, and Lecidella elaeochroma. 
Furthermore, there is a sporadic occurrence of acidophytic species such as 
Hypogymnia physodes, Evernia prunastri, Usnea subfloridana, Lecanora conizaeoides, 
Parmelia exasperatula, that are absent or much less frequent in the following 
group. This group represents a very impoverished epiphytic vegetation in 
urban or industrial areas where the impact of air pollution is high. The low 
frequency of highly nitrophytic species, such as Candelariella reflexa, 
Hyperphyscia adglutinata, Candelaria concolor, and the presence of a set of 
acidophytic species, indicates a lower impact of agricultural activities and a 
secondary acidification of the bark by air pollution. 

Group 4: this group includes 14 frequency vectors, relative to stations 
located in all provinces except Belluno and Rovigo. Its floristic composition very 
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Fig. 5: Reciprocal ordination of the species (a) and of the station groups (b) based 
on the data in tab.1. In Fig. 5a the species with low scores on either axis are not 


discriminated, in fig. 5b the station groups obtained by numerical classification 
are designated by numbers, as in fig.4. 
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much resembles that of group 1, with the difference that most of the species 
have lower frequency values. This group represents relatively disturbed 
Xanthorion stands in areas with intense agricultural activity and a moderate air 
pollution. 

The reciprocal ordination of frequency vectors and species, based on the 
data of tab. 1 is shown in fig. 5a (vectors), and 5b (species). In fig. 5a the clusters 
of vectors obtained by numerical classification mainly occupy four distinct 
quadrants in the space defined by the first two canonical variates. The first 
variate can be interpreted as a diversity axis, with species-rich vectors having 
positive scores, and species-poor vectors negative scores. The second variate 
reflects the degree of eutrophication of the substrates: groups 1 and 4, 
characterized by a high frequency of neutro-basiphytic and nitrophytic species, 
have positive scores, whereas groups 2 and 3, with a higher frequency of 
acidophytic and anitrophytic species, have negative scores. This interpretation 
is confirmed by the ordination of species, which is shown in fig. 5b: the species 
with low scores on both axes are either low-frequency species, or species not 
significantly associated with the main floristic variation trends, and are not 
discriminated in the analysis. The sequence of the indicator species (i.e. those 
with high scores on at least one canonical variate) along the first axis reflects a 
gradient of sensitivity to air pollution, the most resistant species being Physcia 
tenella and Physcia orbicularis (highest negative scores). At the positive and 
negative extremes of the second axis are, respectively, three highly nitrophytic 
species (Candelaria concolor, Hyperphyscia adglutinata and Candelariella reflexa), 
and a set of anitrophytic and acidophytic species (Evernia prunastri, Parmelia 
exasperatula, Hypogymnia physodes, Usnea subfloridana aggr.). 

The reciprocal ordination of frequency vectors and species has been 
carried out also on a reduced matrix, without the groups of vectors 1 and 2, in 
order to analyze in more detail the floristical variation trends relative to the 
stations located in more polluted areas (groups 3 and 4). The results are shown 
in fig. 6a (groups) and 6b (species). In fig. 6a the groups 4 and 3 are well 
separated on the first canonical variate, the former having mostly positive 
scores, the latter negative scores. The group 3 has a narrower spread on the 
second variate, which is mainly due to the lower number of species, and hence 
to its higher within-group homogeneity. The arrangement of the indicator 
species in the space defined by the first two variates is shown in Fig. 6b: it is 
evident that the first canonical variate reflects a gradient of increasing acidity of 
the substrate, from positive to negative scores: acidophytic species, such as 
Evernia prunastri, Parmelia sulcata. Parmelia exasperatula, Hypogymnia physodes, 
Usnea subfloridana, Chaenotheca furfuracea, Lecanora conizaeoides, have negative 
scores on the first axis. The two pollution-resistant species evident in the 
ordination based on the entire data set, i.e. Physcia tenella and Physcia orbicularis, 
have a slightly different position in the ordination of fig. 6b: Physcia tenella 
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Fig. 6: Reciprocal ordination of the species (a) and of the station groups (b) based 
on the data in tab.1, without the groups of stations 1 and 2. In Fig. 6a the species 
with low scores on either axis are not discriminated. 
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occupies the negative extreme of the first axis, showing a higher resistance to 
acidification than P. orbicularis. The first canonical variate in the ordinations of 
Fig 6 shows a gradient of acidification, paralleled by a progressive decrease both 
in the number of species and in their overall frequency. 

These results can be briefly summarized as follows: the most logical 
sequence of the groups of frequency vectors is: 2,1,4,3, because this sequence 
shows the main floristic variation trends along a gradient of increasing 
disturbance: 

- Group 2 represents a situation where neither the pollution by phytotoxic gases 
nor that by organic and inorganic fertilizers have a great impact on the epiphytic 
lichen vegetation. This is shown by the relatively great number of high- 
frequency species (indicating low pollution levels), and by the presence of a set 
of anitrophytic and acidophytic species (indicating low eutrophication of the 
bark). 

- Group 1 represents an intermediate situation, where air pollution by 
phytotoxic substances is still low (great number of high-frequency species), but 
there are slight signs of bark eutrophication by fertilizers (absence of 
anitrophytic species). 

- Group 4 represents a situation where both the pollution by phytotoxic 
substances and by fertilizers have clear effects on the lichen vegetation: the 
number of high-frequency species is strongly reduced, and there is a maximum 
of nitrophytic lichens. 

- Group 3 represents the final stage of the process, preluding to the lichen desert: 
the pollution by phytotoxic substances (chiefly SO) is so strong that, besides a 
further drastic reduction of high-frequency species, there is also a secondary 
acidification of the bark; this creates conditions which reduce the presence of 
neutro- basiphytic and nitrophytic species and favour the presence of some 
pollution-tolerant acidophytic species which occur also in group 2. 

This scheme seems to be a general rule in the north eastern Italian 
Plains. Nimis (1986) in his study of the epiphytic lichen vegetation in the town of 
Udine (high Friulian Plain) described a situation very similar to that discussed 
above. In Udine a narrow belt of scarcely developed acidophytic species is 
present all around the lichen desert occupying the town centre. These species are 
otherwise absent or very rare in the Friulian Plain because of the intense 
agricultural activity, and the consequent pollution by fertilizers. They start to be 
common again only in hill and mountain areas where the agricultural activity is 
less intense. The disjunct distribution of Pseudevernia furfuracea in the northern 
part of the province of Vicenza (low mountains and main urban settlements), as 
shown by the map published by Nimis et al. (1991), is another good example of 
the secondary habitats created by air pollution for acidophytic species. 
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Province of Belluno 


The province of Belluno occupies the northemmost portion of the 
region, and has a surface area of 3.678 km?, being the largest province in the 
region. The population is of 215.000 inhabitants with a density of only 58 
inhabitants/km2. Most of the provincial territory lies in mountain areas, and 
the main urban centres are in the valleys. Industrial activities are scarcely 
developed, and the main industries are located in the surroundings of the 
provincial capital, Belluno, a town of 36.000 inhabitants. 

The province of Belluno has the highest species richness (54 species). 
The most common species are Lecidella elaeochroma, Parmelia sulcata, Parmelia 
exasperatula, Physcia tenella, and Evernia prunastri. The classification of the 30 
stations produced 3 main groups (tab. 2): acidophytic species, such as 
Hypogymnia physodes, Parmelia sulcata, Parmelia exasperatula, Chaenotheca 
furfuracea, Evernia prunastri tend to decrease from group 1 to group 3, whereas in 
the latter there is an higher frequency of neutro-basiphytic and nitrophytic 
species such as Candelaria concolor, Physcia adscendens, Hyperphyscia adglutinata. 
The sequence from group 1 to group 3 reflects a gradient of increasing 
eutrophication of the bark. In this province acidophytic species have the highest 
frequency, which is probably due to the fact that here there is the lowest 
agricultural activity in the region. 

This is the province where our air quality map has the lowest reliability: 
the density of sampling stations is very low (see figs. 3 and 7), and it appears to 
be still more unreliable considering that most of the provincial territory is 
occupied by high mountains (all relevés have been carried out in the more 
densely populated valleys). The low density of sampling stations is due to two 
main reasons: a) the difficulty of finding suitable trees (Tilia becomes rare in 
mountain areas) and, b) the fact that most of the province has a low population 
density and a low concentration of industrial activities; we have preferred to 
give a higher sampling intensity to the densely populated high-risk areas of the 

lains. 
i With these limitations in mind, the map of fig.8 can be briefly 
commented on as follows: the province of Belluno has the highest I.A.P. values 
within the region, most of them being higher than 30; no area with lichen desert 
has been detected within the Provincial territory. The most polluted areas are in 
the southern part of the province, south of Belluno, and most of the pollution is 
likely to derive from Belluno itself and from its small industrial area. The area 
with lowest I.A.P. values (lower than 25) has an elliptical shape, with the longer 
axis oriented in a N-S direction, which accords well with the direction of the 
prevailing winds in the high Piave valley. A study on lichens as bioindicators in 
the high Piave Valley has been published by Caniglia et al. (1978) and Spampani 
(1982). 
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Station group n° 1:23 


















Lecanora gr. hagenii 
Caloplaca holocarpa 
Xanthoria parietina 
Lecidella elaeochroma 
Parmelia sulcata 
Parmelia exasperatula 
Hypogymnia physodes 
Physcia stellaris 
Lecanora chlarotera 
Physcia tenella 
Rinodina exigua 
Candelariella reflexa 
Parmelia exasperata 
Chaenotheca furfuracea 
Physcia vitii 
Parmelia subaurifera 
Caloplaca cerina 
Lecanora carpinea 
Lecanora subfuscata 
Usnea subfloridana 
Parmelia tiliacea 
Lecanora symmicta 
Arthopyrenia lapponina 
Evernia prunastri 
Physconia distorta 
Parmelia subargentifera 
Pseudevernia furfuracea 
Lecanora conizaeoides 
Opegrapha lichenoides 
Graphis scripta 
Parmelia caperata 
Normandina pulchella 
Ramalina farinacea 
Parmeliopsis ambigua 
Scoliciosporum umbrinum 
Lecanora allophana 
eee atra 
ectriacea Sp. 
Arthopyrenia antecellens 
Physcia biziana 
Physcia aipolia 
Arthopyrenia punctiformis 
Parmelia subrudecta 
Xanthoria fallax 
Physcia hirsuta 
Hyperphyscia adglutinata 
Physconia grisea 
Arthonia radiata 
Candelariella xanthostigma 
Physcia orbicularis 
Candelaria concolor 
Physcia adscendens 
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Tab.2: Frequency vectors of the three station groups obtained by numerical 
classification of the matrix of species and stations relative to the province of 
Belluno. Numbers refer to 5 frequency classes of 20 % each. 
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Fig. 7: map of the province of Belluno, with the location of the sampling stations. 


32 





> 70 


Fig. 8: LA.P. map of the province of Belluno. The province has been subdivided 
into several zones, characterized by different I.A.P. values. 
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Province of Treviso 


The province of Treviso has a surface area of 2.477 km? and a population 
of 736.400 inhabitants, with a density of 297 inhabitants/km2. Most of the 
territory (63. 6 %) is located in lowland areas, with the exception of its 
northwestern part (29.4 %), which is occupied by low hills and mountains, the 
latter located only at the border with the province of Belluno. The main 
industrial area lies around the provincial capital, Treviso, a town of 84.500 
inhabitants. Minor industrial areas are located near medium-sized urban 
centres, such as Conegliano, Montebelluna, Valdobbiadene, Vittorio Veneto (see 
fig. 9). 

This is a rather species-poor province, with only 39 species recorded. 
The most frequent are Physcia orbicularis (95 % of the stations), Candelaria concolor 
(82 %), Physcia tenella (76%), Xanthoria parietina (60 %), Lecanora chlarotera (52 %); 
all of them are linked to Xanthorion vegetation. The numerical classification of 
the 80 stations produced 5 main groups that are shown in tab. 3. The groups of 
stations 1 and 2 are very species-poor; group 2 differs in the higher frequency of 
some acidophytic species such as Parmelia sulcata, Hypogymnia physodes, 
Chaenotheca furfuracea, Usnea subfloridana, Evernia prunastri and Parmelia 
exasperatula; both groups include stations located near industrial areas or within 
urban settlements, and represent, respectively, impoverished Xanthorion stands, 
and a species-poor vegetation characterized by the occurrence of acidophytic 
species due to secondary acidification of the bark. The remaining three groups 
of stations have a very similar floristic composition, and can be considered as 
representing three facies of Xanthorion vegetation in relatively unpolluted areas. 

The I.A.P. map (fig. 10) shows that most of the province has relatively 
high I.A.P. values (25-50) indicating moderate, or low degrees of air pollution. 
An exception is the area south of Treviso, the largest urban and industrial 
agglomeration of the province, which includes a narrow lichen desert 
surrounded by areas with I.A.P. values lower than 20. Furthermore, minor areas 
with low LA.P. values are evident southwest of Conegliano and Castelfranco 
Veneto, near Miane, Volpago and S. Biagio (see fig. 9); most of them include 
industrial agglomerations. It is rather surprising that the surroundings of 
Vittorio Veneto, a relatively large settlement with an industrial area, show the 
highest I.A.P. values in the whole province (higher than 40): this might be due to 
the local microclimate, since Vittorio Veneto is located at the end of a narrow 
valley with frequent N-S winds, which might help the dispersion of pollutants 
toward the south. The influence of Vittorio Veneto could be evident in the 
northward extension of the relatively polluted area surrounding Conegliano 
(I.A.P.: 21-25), which otherwise would be difficult to explain considering the 
main wind directions. 
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Station group n° 12.3 45 


Physcia orbicularis 
Candelaria concolor 
Xanthoria parietina 
Lecanora chlarotera 
Parmelia sulcata 
Hypogymnia physodes 
Chaenotheca furfuracea 
Lecanora gr. hagenii 
Caloplaca cerina 

Physcia aipolia 

Lecanora carpinea 

Usnea subfloridana 
Evernia prunastri 
Xanthoria fallax 
Physconia grisea 

Physcia stellaris 

Parmelia exasperata 
Parmelia caperata 
Lecanora subfuscata 
Catillaria nigroclavata 
Parmelia tiliacea 
Nectriacea sp. 

Parmelia acetabulum 
Arthopyrenia antecellens 
Rinodina exigua 

Physcia biziana 

Physcia hirsuta 
Arthopyrenia punctiformis 
Candelariella xanthostigma 
Parmelia exasperatula 
Candelariella reflexa 
Physcia vitii 

Parmelia subrudecta 
Normandina pulchella 
Arthonia radiata 
Lecidella elaeochroma 
Hyperphyscia adglutinata 
Physcia adscendens 
Physcia tenella 
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Tab.3: Frequency vectors of the five station groups obtained by numerical 
classification of the matrix of species and stations relative to the province of 
Treviso. Numbers refer to 5 frequency classes, with intervals of 20 % each. 
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Fig. 10: I.A.P. map of the province of Treviso. The province has been subdivided 
into several zones, characterized by different I.A.P. values. 
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Province of Venezia 


The province of Venezia occupies most of the coastal part of the region; 
it has an area of 2.460 km2, and a population of 833.600 inhabitants, with a 
density of 338 inhabitants/km2. All of the provincial territory is below 100 m. 
In the Mestre-Marghera area, close to Venice, there is one of the largest 
industrial agglomerations of Italy, with a prevalence of chemical industry. 
Another industrial area, of much smaller size, is located near Portogruaro (see 
fig. 11). 

In this province only 34 species have been recorded; the number of 
sporadic species, however, is rather low in comparison with other species-poor 
provinces. The most frequent species are: Physcia orbicularis (80 % of the 
stations), Physcia tenella (75 %), Lecidella elaeochroma (67 %), Candelaria concolor (53 
%), Lecanora carpinea (50 %). All of them are more or less iinked to Xanthorion 
vegetation. The numerical classification of the 56 stations produced 4 main 
groups, which are reported in tab. 4. The groups of stations 1 and 2 are very 
similar, and are characterized by the high frequency of Lecanora carpinea, 
Candelaria concolor, Physcia adscendens, Hyperphyscia adglutinata, Arthonia radiata 
and Xanthoria parietina: they represent relatively well developed Xanthorion 
stands; group 1 differs from group 2 in the higher frequency of Parmelias, such 
as P. caperata, P. sulcata. P. subrudecta, P. exasperatula. The groups of stations 3 
and 4 have no clear differential species: they are characterized by having, in 
general, lower frequencies for most species, and represent impoverished 
Xanthorion stands; group 4 differs from group 3 in the higher frequency of some 
acidophytic species, such as Parmelia sulcata, Hypogymnia physodes, Parmelia 
exasperatula, and represent an impoverished Xanthorion vegetation in which 
secondary acidification by air pollution starts to become evident (most of these 
stations are located near industrial areas or large urban settlements). 

Tha I.A.P. map (fig. 12) shows a marked difference between the eastern 
and western parts of the province. The eastern part is characterized by relatively 
high LA.P. values (mostly between 30 and 50) indicating a moderate degree of 
air pollution; an exception is given by an area south of Portogruaro, 
corresponding to an industrial agglomeration, where there is even a small lichen 
desert, and which extends its influence to the easternmost part of the province. 
On the contrary, in the western part of the province the I.A.P. values are mostly 
lower than 20. An extended lichen desert occurs soutwest of the huge industrial 
agglomeration of Marghera, which is certainly the most important pollution 
source. Its effects extend to the Lido of Venice, and most probably also to the 
provinces of Padova and even Rovigo. The only areas which are relatively less 
polluted are the surroundings of Chioggia, in the southern part of the province, 
along the coasts. 
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Lecanora carpinea 
Candelaria concolor 
Physcia adscendens 
Parmelia sulcata 
Hypogymnia physodes 
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Physcia biziana il 
Parmelia caperata 2 
Cliostomum corrugatum 

Buellia punctata 1 
Catillaria nigroclavata uk 
Usnea subfloridana iF 
Physcia clementei ni 
Rinodina exigua LS 
Parmelia subrudecta Sy 
Lecanora gr. hagenii 1 
Evernia prunastri ZA 
Arthopyrenia antecellens Si 
Chaenotheca furfuracea 1 
Physconia grisea ALÌ 
Opegrapha atra ll 
Lecanora allophana Vi 
Lecanora carpinea dalai 
Candelariella reflexa 20 ed 
Physcia stellaris il 
Parmelia tiliacea 111 
Parmelia exasperatula 4124 
Candelariella xanthostigma SELE 
Hyperphyscia adglutinata 53 1 
Arthonia radiata SEAL 
Xanthoria parietina DZ 
Physcia vitii 7A o 
Lecidella elaeochroma 4444 
Physcia tenella 5.2 9 4 
Physcia orbicularis eo a aes: 


Tab. 4: Frequency vectors of the four station groups obtained by numerical 
classification of the matrix of species and stations relative to the province of 
Venezia. Numbers refer to 5 frequency classes, with intervals of 20 % each. 
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Fig. 11: map of the province of Venezia, with the location of the sampling 
stations. 
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Fig. 12: LA.P. map of the province of Venezia. The province has been subdivided 


into several zones, characterized by different I.A.P. values. 
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Province of Padova 


The province of Padova has a surface area of 2.142 km?, and a 
population of 818.650 inhabitants, with a density of 382 inhabitants/km?, the 
highest within the region. 

Most of the provincial territory (94.2 %) is below 100 m, with the 
exception of its southwestern part, west of Monselice (5.8 %), that is occupied by 
a chain of low hills (Colli Euganei). There is intense agricultural activity 
throughout the province, while most of the industries are concentrated around 
the city of Padova and along the highways connecting Padova with Monselice 
(see fig. 13). 

This is a very species-poor province, with 27 species, most of which 
have been recorded only within a few of the 75 stations. The most frequent 
species are Physcia tenella, Physcia orbicularis and Lecidella elaeochroma, which 
occur in more than 50 % of the stations, followed by other Xanthorion species 
such as Candelaria concolor, Xanthoria parietina, Candelariella reflexa and Lecanora 
chlarotera, occurring in more than 20 % of the stations. 

The numerical classification of the stations produced 4 main groups, 
reported in tab. 5. The groups have a very similar floristic composition, differing 
chiefly in the presence of a set of acidophytic species such as Parmelia sulcata, 
Evernia prunastri, Hypogymnia physodes, Parmelia exasperatula, Pseudevernia 
furfuracea, Usnea subfloridana, and Lecanora conizaeoides, their frequencies 
decreasing from group 1 to group 4, whereas nitrophytic species such as Physcia 
orbicularis, Candelaria concolor, Xanthoria parietina, Candelariella reflexa, 
Hyperphyscia adglutinata and Physcia adscendens have an opposite behavior. This 
may reflect the opposing effects on lichen vegetation of the secondary 
acidification of the bark in heavily polluted areas, and of the eutrophication due 
to agricultural activity. 

The I.A.P. map of the province is shown in fig. 14. In general, the I.A.P. 
values are low, which indicates a moderate to high air pollution. The northern 
part of the province, and part of the Colli Euganei east of Monselice, are the only 
areas with I.A.P. values higher than 20. This is well in accordance with the 
direction of the winds which prevail over the city of Padova; they are mostly 
coming from the north (see fig. 2), and transport southwards the pollution 
produced by Padova and its industrial area. The small areas with I.A.P. values 
lower than 20, located in the northern part of the province, reflect the influence 
of the neighbouring towns of Bassano (Vicenza) and Castelfranco Veneto 
(Treviso) and of their industrial areas, both located north of the province of 
Padova. 

The effects of the large industrial agglomeration surrounding the city of 
Padova are evident in the pronounced lobe of lichen desert running in a N-S 


42 


Station group n° 
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Partnelia sulcata 
Evernia prunastri 
Hypogymnia physodes 
Parmelia exasperatula 
Pseudevernia furfuracea 
Lecanora carpinea 
Xanthoria fallax 

Usnea subfloridana 
Parmelia subrudecta 
Physconia distorta 
Lecanora allophana 
Lecanora conizaeoides 
Lecanora gr. hagenii 
Arthonia radiata 
Candelariella xanthostigma 
Physcia biziana 

Physcia vitii 

Physconia grisea 
Physcia adscendens 
Hyperphyscia adglutinata 
Lecanora chlarotera 
Candelariella reflexa 
Xanthoria parietina 
Candelaria concolor 
Lecidella elaeochroma 
Physcia orbicularis 
Physcia tenella 
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Tab 5: Frequency vectors of the four station groups obtained by numerical 
classification of the matrix of species and stations relative to the province of 
Padova. Numbers refer to 5 frequency classes, with intervals of 20 % each. 


direction, towards the province of Rovigo, which starts immediately south of 
Padova. A chain of hills (Colli Euganei) marks the western limit of this desert 
area; these hills act as a barrier to the dispersion of pollutants towards the 
southwest by the main winds (see fig.2); the barrier effect is evident in the 
southernmost portion of the province, where the absence of hills allows a much 
wider extension of the desert area towards the west. Considering the main wind 
directions shown in fig.2, it is probable that the pollutants emitted in the 
province of Venezia, and particularly in the large industrial area of Marghera, 
also contribute to the pollution stream flowing towards the province of Rovigo. 
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Fig. 13: map of the province of Padova, with the location of the sampling 
stations. 
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Fig. 14: LA.P. map of the province of Padova. The province has been subdivided 
into several zones, characterized by different I.A.P. values. 
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Province of Vicenza 


The province of Vicenza has a surface area of 2.722 km?, and a 
population of 741.200 inhabitants, with a density of 238 inhabitants/km2. The 
central and northern parts of the province (47. 4% of the total surface), up to a 
line connecting Bassano and Schio, are below 100 m; its northern part (38.9 %) is 
occupied by a narrow belt of hills followed by a vast plateau with peaks 
reaching 1600 m. A small portion of the Lessinian Mountains occupies the 
central-western part of the province, west of Schio (13.7 % of the territory). The 
agricultural and industrial activities are very intense throughout the lowlands; 
the industries are generally scattered, with some main agglomerations around 
Vicenza. An important power station is located near Montorso, SW of Vicenza 
(see fig. 15). 

This is the province with the highest number of recorded species (66). 
The most frequent are:Physcia tenella (85 % of the stations), Physcia orbicularis (82 
%), Candelaria concolor (74 %), Lecidella elaeochroma (74 %), Xanthoria parietina (55 
%) and Candelariella reflexa (52 %). This indicates a prevalence of Xanthorion- 
vegetation. The numerical classification is based on the 90 stations not reported 
in the preliminary survey (Nimis et al. 1991); it produced 7 main groups, which 
are reported in tab. 6. Group 1 includes only 4 stations, which differ markedly 
from all others in the high frequency of acidophytic species such as Evernia 
prunastri, Hypogymnia physodes, Usnea gr. subfloridana, Pseudevernia furfuracea, 
Parmeliopsis ambigua, Scoliciosporum chlorococcum, Lecanora symmicta etc., and in 
the low frequency of nitrophytic Xanthorion species: the relevés of this group, 
representing a Parmelion- vegetation, have all been taken on the hills north of 
Vicenza and on the Asiago Plateau, in a relatively undisturbed, pollution-free 
area. The group of stations 7 is also well characterized by the higher frequency 
of crustose lichens, such as Lecanora carpinea, Caloplaca holocarpa, C. cerina, C. 
flavorubescens, and Lecanora hageni, and represents a pioneer community leading 
towards Xanthorion vegetation. The other relevé groups have only slight floristic 
differences, and might be considered as different facies of Xanthorion vegetation. 

As far as the distribution of the I.A.P. values is concerned (fig. 16), the 
province of Vicenza is characterized by marked differences. A true lichen desert 
is present only in the urban area of Vicenza, and close to an industrial area south 
of Thiene. Other areas with low I.A.P. values are located south of Bassano and 
near Montorso, in correspondence with two industrial zones. The highest I.A.P. 
values (more than 70) are reached on the Asiago Plateau and on the Lessinian 
Mountains. Also the areas lying east and south of Vicenza have relatively high 
I.A.P. values (30-50), which might be related to the prevailing northeastern 
winds. A much more detailed I.A.P. map of the Schio-Breganze area has been 
published by Nimis et al. (1991). 
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Physconia grisea 

fies Hyde adglutinata 
Parmelia exasperatula 
Candelariella xanthostigma 
Xanthoria parietina 
Physcia adscendens 
Physcia aipolia 

Lecanora chlarotera 
Lecanora carpinea 
Hypogymnia physodes 
Evernia prunastri 

Usnea subfloridana 
Parmelia sulcata 
Chaenotheca furfuracea 
Parmelia subaurifera 
Parmelia acetabulum 
Parmelia tiliacea 
Physconia distorta 
Caloplaca holocarpa 
Caloplaca cerina 
Lecanora gr. hagenii 
Ramalina fastigiata 
Lecidella flavosorediata 
Physcia stellaris 
Xanthoria fallax 

Physcia hirsuta 

Physcia biziana 
Parmelia subrudecta 
Pseudevernia furfuracea 
Parmeliopsis ambigua 
Bryoria furcellata 
Lecanora subfuscata 
Arthopyrenia punctiformis 
Parmelia exasperata 
Normandina pulchella 
Graphis scripta 
Parmelia caperata 
Caloplaca flavorubescens 
Buellia punctata 
Physconia enteroxantha 
Physconia detersa 
Scoliciosporum chlorococcum 
Lecanora symmicta 
Ramalina farinacea 
Pertusaria amara 
Parmelia saxatilis 
Parmelia quercina 
Opegrapha atra 
Heterodermia speciosa 
Cliostomum corrugatum 
Arthrosporum accline 
Catillaria nigroclavata 
Candelariella lutella 
Anaptychia ciliaris 
Parmelia subargentifera 
Nectriacea sp. 

Parmelia glabra 

Physcia vitii 
Arthopyrenia antecellens 
Arthonia radiata 
Rinodina exigua 
Candelariella reflexa 
Lecidella elaeochroma 
Physcia orbicularis 
Candelaria concolor 
Physcia tenella 
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Tab. 6: Table of species and station groups obtained by classification of the 
data relative to the province of Vicenza. Numbers refer to 5 frequency classes 
of 20% each. 
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Fig. 15: map of the province of Vicenza, with the location of the sampling 
stations. 
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Fig. 16: LA.P. map of the province of Vicenza. The province has been subdivided 
into several zones, characterized by different I.A.P. values. 
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Province of Verona 


The province of Verona has a surface area of 3.096 km2, and a 
population of 741.244 inhabitants, with a density of 272 inhabitants/km2. Most 
of the provincial territory (79.7 %) is occupied by lowlands, 16.1% by hills, and 
only 4.2% by mountains, located in the northern part of the province. 

This is a species-rich province, with 56 species recorded. The most 
frequent ones are Physcia tenella (87 % of the stations), Physcia orbicularis (74 %), 
Lecidella elaeochroma (62 %), Candelariella reflexa (59 %), Xanthoria parietina (57 %), 
Parmelia exasperatula (51 %). With the exception of the latter, all of them are 
linked to Xanthorion vegetation. The numerical classification of the 118 stations 
produced 5 main groups, that are shown in tab. 7. Groups 1 and 2 have the 
highest species richness, and represent very well developed Xanthorion stands; 
the relevés have been taken in relatively undisturbed, pollution-free areas on the 
hills north of Verona; the group of stations 1 differs in the higher frequency of 
some Parmelion-species, such as Parmelia quercina, P. tiliacea, P. sulcata, P. 
pastillifera, Pseudevernia furfuracea, Usnea subfloridana, and represents a transition 
towards Parmelion-communities. The remaining three station groups are more 
species-poor, and show only slight compositional differences: they can be 
interpreted as three different facies of impoverished Xanthorion stands in more 
polluted areas; in particular, group 4 is characterized by the higher frequency of 
some acidophytic species, such as Parmelia sulcata, Usnea subfloridana. 
Hypogymnia physodes, Lecanora conizaeoides, Parmelia exasperatula, which indicates 
a secondary acidification of the bark due to air pollution, whereas group 5 is 
very species-poor, and the only constant species is Physcia tenella. 

The LA.P. map (fig. 18) shows wide differences within the provincial 
territory. The areas with the highest LA.P. values (higher than 40 with single 
values reaching 70) are on the Lessinian Mountains, in the northern part of the 
province. An extended lichen desert occurs south of Verona; this city is located 
at the centre of a belt running in a E-W direction, characterized by I.A.P. values 
lower than 20; this belt includes the main highways connecting Verona with 
Vicenza eastwards, Mantova soouthwestwards and Brescia eastwards: along 
these highways there is a diffuse settlement of industrial activities. The dispersal 
of pollution east- and westwards from Verona agrees very well with the 
directions of the prevailing winds, as shown in fig. 2. The northern winds from 
the Adige Valley are responsible of the pronounced pollution lobe south of 
Verona, and the lower part of the Adige valley is also interested by pollution 
phenomena. Another belt with LA.P. values mostly ranging between 20 and 30, 
separates this area from the southern part of the province where air pollution 
tends to worsen, with some areas of lichen desert occurring in its southernmost 
portion. In this case the pollution is allochtonous, deriving from sources located 
mainly in the province of Padova. 
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Station group n° 


Lecidella elaeochroma 
Candelaria concolor 
Physcia aipolia 
Candelariella vitellina 
Physcia stellaris 
Candelariella xanthostigma 
Rinodina exigua 

Physcia biziana 

Physcia vitii 

Parmelia exasperata 
Parmelia quercina 

Parmelia tiliacea 

Parmelia subargentifera 
Parmelia acetabulum 
Parmelia sulcata 

Parmelia glabra 
Arthopyrenia antecellens 
Caloplaca cerina 
Chaenotheca furfuracea 
Parmelia pastillifera 
Pseudevernia furfuracea 
Catillaria nigroclavata 
Nectriacea sp. 1 
Parmelia caperata 
Collema nigrescens 1 
Usnea subfloridana 2 1 
Scoliciosporum chlorococcum 1 
ape nia bitteriana 1 
Caloplaca ferruginea il 
Parmelia glabratula 1 
Evernia prunastri 

Lecanora subfuscata 3 
Hypogymnia physodes 2 
Lecanora conizaeoides 

Parmelia subrudecta 2 
Caloplaca flavorubescens 1 
Caloplaca holocarpa 
Arthonia radiata 
Physconia enteroxantha 
Xanthoria fallax 
Physconia perisidiosa 
Physconia distorta 
Lecanora allophana 
Lecanora gr. hagenii 
Parmelia exasperatula 
Lecanora chlarotera 
Lecanora carpinea 
Physcia adscendens 
Xanthoria parietina 
Candelariella reflexa 
Hyperphyscia adglutinata 
Physconia grisea 

Physcia tenella 

Physcia orbicularis 
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Tab 7: Table of species and station groups obtained by classification of the 
data relative to the Province of Verona. 


ol 







Secca del Vo )\ 
7 Bargolin ia) 





















è | 

_GRomkpnenp \ 

= if | | 

ezzang/ ‘ | como \ 








\OCampigno YNX 
\\s \ È ll Nan 


\ (Montesonly iGimsere la 







N c ; 
Wed; GA BL) 

Naif NVEBONI 

© — epr iS ~*~ 62 LA 


Pacengh 


ke 
Me 


A» \ 
f= Cae 
ff Mezzang 
disotto \ AINE Cazzeno® | È 

| |£ spad: © di Tremigne È... 

Ns / | Caskticerinà “Foray ssa 
VE UU] \ <CostaMg ax 
Al Cofognplas Coll 

ag Q 












"\ 
Di 





CA aX Ts , 
Vféustoro f p 
(i \ g y / y~ 
, a Poveghand | 
gi ese 
4 \ 


a \ ame 
> VG 

Kr NM ON 

J {igésio \ 

. \ è \ 













4 
gr” 
== Belfiore 













S aOppesno _._c 
\ ee = |] 
? È e Sglsols Rizza 









Salizzol è 


< Rellegrina 
bi - 


Fig. 17: map of the province of Verona, with the location of the sampling 
stations. 
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Fig. 18: LA.P. map of the province of Verona. The province has been subdivided 
into several zones, characterized by different I.A.P. values. 
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Province of Rovigo 


The province of Rovigo occupies the southwestern portion of the region; 
it has a surface area of 1789 km2, and a population of 250.000 inhabitants, with a 
density of 139 inhabitants/km?. 

All of the province is occupied by lowlands, and the provincial territory 
is mainly exploited by intensive agriculture. Natural or seminatural vegetation 
are present only in a few coastal sites and along the main watercourses. 

This is the province where the lowest number of species has been 
recorded (23 species); the most frequent are Physcia tenella and Lecidella 
elaeochroma, that occur in more than 50 % of the stations, followed by Parmelia 
exasperatula (30%), Physcia orbicularis (25 %) and Physcia adscendens (25 %). 
Strongly nitrophytic and neutro-basiphytic species, such as Candelaria concolor, 
Hyperphyscia adglutinata, Candelariella reflexa and Physconia grisea are much less 
frequent in this province than in other lowland areas of the region with intense 
agricultural activity. 

The classification of the 52 stations produced 5 main groups, reported in 
tab. 8: they all represent different, not very well characterized facies of 
Xanthorion vegetation, which indicates that the eutrophication of the bark due to 
agricultural activity occurs also in this province. However, the scattered 
occurrence of rather anitrophytic and acidophytic species, such as Parmelia 
sulcata, P. exasperatula, Hypogymnia physodes, Usnea subfloridana and Lecanora 
conizaeoides, the latter being more frequent within larger settlements, is an 
indication of the fact that the high pollution values reached in this province tend 
to produce a secondary acidification of the bark, counterbalancing the effects of 
eutrophication.. Of all the groups of stations, group 1 is characterized by a very 
low species frequency, and represents impoverished stands in very polluted 
areas. 

The province of Rovigo has the worst air quality values within the 
region. Almost all of its territory has I.A.P. values lower than 20 (see fig. 20). 
The most polluted area (I.A.P. lower than 3, mostly lichen desert) is a 4-20 km 
wide belt, which crosses the surroundings of Rovigo in a SW-NE direction. 
Smaller lichen desert areas are located east of Sermide, in Emilia, and of 
Villanova Marchesana. A small area with I.A.P. higher than 20 is present in the 
northern coastal area, near Rosolina. 

Near the coasts there is also one of the largest power stations of Italy. 
Considering the main directions of the winds, as shown by fig. 2 and by the 
general pollution map (fig. 21 ) it is probable that the effects of this power station 
are not particularly strong within the provincial territory. The main winds 
should transport the pollution in a southwestern direction, towards the region 
Emilia-Romagna (province of Ferrara), that borders the province of Rovigo to 
the east. A recent study on lichens as bioindicators in the province of Ferrara 
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Station group n° ila Hae | 


Parmelia tiliacea uf | 
Candelariella xanthostigma 1 ui 
Candelaria concolor 1 
Parmelia sulcata 
Arthonia radiata 

Usnea subfloridana 
Arthopyrenia antecellens 
Lecanora carpinea 
Lecanora gr. hagenii 1 
Parmelia exasperatula 72 
Evernia prunastri 1 
Hyperphyscia adglutinata 

Candelariella reflexa a È 
Parmelia subrudecta 1 
Hypogymnia physodes 1 
Physconia grisea 
Xanthoria parietina 
Lecanora chlarotera 
Physcia orbicularis 
Physcia adscendens 
Lecanora conizaeoides 
Lecidella elaeochroma 
Physcia tenella 
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Tab. 8: Frequency vectors of the five station groups obtained by numerical 
classification of the matrix of species and stations relative to the province of 
Rovigo. Numbers refer to 5 frequency classes, with intervals of 20 % each. 


(Piccoli et al. 1989) shows that in this province there are high pollution levels, 
the lichen flora being represented by only a few species. 

Since the main economic activity in this province is intensive 
agriculture, it is probable that most of the air pollution is allochtonous, deriving 
from the industrial areas of the provinces of Padova, Venezia and perhaps also 
Ferrara. This hypothesis is confirmed by the general pollution pattern at a 
regional scale (fig. 21) and by the main wind directions in the low plains (fig. 2). 
In the province of Rovigo the effects of phytotoxic pollutants may be further 
enhanced by the frequent persistence of fog during winter. 
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Fig. 19: map of the province of Rovigo, with the location of the sampling 
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stations. 
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Fig. 20: I.A.P. map of the province of Belluno. The province has been subdivided 
into several zones, characterized by different I.A.P. values. 
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Fig. 21: LA.P. map of the entire Region of Veneto. The regional territory has been 
subdivided into 7 zones, characterized by different I.A.P. values. 
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The I.A.P. map of the Region of Veneto 


The I.A.P. map of the entire region is reported in fig. 21. The survey area 
has been subdivided into 7 zones, each with different pollution levels. The 
estimation of pollution levels by SO, is based on the correlations between direct 
pollution data and values of the I.A.P. index obtained in the study carried out at 
La Spezia (Nimis et al. 1990). In the following, each zone is briefly discussed. 
Zone A (red colour) - air pollution: high. It includes the area with I.A.P. values 
ranging between 0 (lichen desert) and 5. From the results obtained at La Spezia 
these values should correspond to yearly mean values of the 98th percentiles of 
SO, higher than 84 ug/mì, yearly means of the 50th percentiles higher than 17 
ug/m?, and winter means of the 50th percentiles higher than 27.7 ug/m3. In 
parts of this zone these values are probably higher, but cannot be revealed by 
the I.A.P. for the obvious reason that this zone includes also the lichen desert. 
This zone has a surface of 1.383 km2, corresponding to 6.28 % of the entire 
region. The areas with the worst air quality include the surroundings of the 
industrial agglomeration of Marghera, a large part of the province of Padova, 
the greatest part of the province of Rovigo, and the surroundings of the city of 
Verona. 

Zone B (bright orange) - air pollution: moderate. It includes the areas with I.A.P. 
values ranging from 6 to 10, corresponding to yearly mean values of the 98th 
percentiles of SO, ranging between 76 and 84 ug/mì, yearly means of the 50th 
percentiles ranging from 15.6 to 16.8 ug/m3, and winter means ranging from 
25.2 to 27.6 ug/m3. This zone has a surface of 1624 km2, corresponding to 7.45 % 
of the entire region. It tends to occupy a narrow belt all around the areas 
classified as zone A. It includes the centre of Treviso and its industrial area, a 
small industrial area in the eastern part of the province of Venice (near 
Portogruaro) and the centre of Vicenza. 

Zone C (light orange) - air pollution: rather low. It includes areas with I.A.P. 
values ranging from 11 to 20, corresponding to yearly mean values of the 98th 
percentiles of SO, ranging from 61 and 75 ug/mì, yearly means of the 50th 
percentiles ranging from 13.2 and 15.5 ug/m3, and winter means ranging from 
22.7 to 25.1 ug/mì. This zone has a surface of 3877 km2, corresponding to 17.6 % 
of the entire region. It is particularly extended in the provinces of Venezia, 
Padova, Rovigo and Verona, it includes narrower areas in the provinces of 
Treviso and Vicenza, and the centre of the town of Belluno. 

Zone D (yellow) - air pollution: low. It includes areas with I.A.P. values ranging 
from 21 to 30, corresponding to yearly mean values of the 98th percentiles of SO, 
ranging from 46 to 60 ug/m3, yearly means of the 50th percentiles ranging 
ranging from 13.1 to 10.7 ug/m3, and winter means ranging from 17.7 to 22.6 
ug/m3. This zone has a surface of 5150 km?, corresponding to 23.4 % of the 
entire region. It extends over wide areas of the Venetian Plains, except their 
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eastern parts, and surrounds the areas included into the belts A-C, occupying 
also the southern part of the province of Belluno. 

Zone E (light green) - air pollution: very low. It includes the areas with I.A.P. 
values ranging from 31 and 50, corresponding to yearly mean values of the 98th 
percentiles of SO, ranging from 17 to 45 ug/m3, yearly means of the 50th 
percentiles ranging from 5.8 and 10.6 g/m, and winter means ranging from 
12.7 to 17.6 ug/m3. This zone has a surface area of 5917 km2, corresponding to 
28.9 % of the entire region. It occupies the largest part of the eastern section of 
the Venetian Plain, the outer part of the dealpine hills, and restricted portions of 
the provinces of Verona, Vicenza and Padova. It extends over a large portion of 
the province of Belluno. 

Zone F (dark green) - air pollution: negligible. It includes the areas with I.A.P. 
values ranging between 51 and 70, corresponding to yearly mean values of the 
98th percentiles of SO, ranging from 5 and 16 ug/m3, yearly means of the 50th 
percentiles ranging from 0.94 to 5.7 ug/m3, and winter means ranging from 2.71 
to 12.6 ug/m?. This zone has a surface area of 3661 km2, corresponding to 16.6 % 
of the entire region. It mainly extends over mountain areas, such as the Lessinian 
Mountains, the Asiago Plateau and the Dolomites in the province of Belluno. 
Zone G (blue) - air pollution: practically absent. It includes areas with LA.P. 
values higher than 70, corresponding to yearly mean values of the 98th 
percentiles of SO, lower than 5 ug/mì, yearly means of the 50th percentiles 
lower than 0.94 ug/m3, and winter means lower than 2.71 ug/m3. This zone 
occupies a narrow surface of 396 km2, corresponding to 1.8 % of the region. It 
covers exclusively mountain areas, such as parts of the Lessinian Mountains, of 
the Asiago Plateau, and of the Dolomites. 

In summary, the air pollution by SO, in the territory of the Veneto 
Region is as follows: 

- in 6.3 % of the region there is a risk of high pollution levels (lichen desert 
areas). 

- 25 % of the territory has a moderate air pollution (zones A-C). 

- 23.38 % of the territory has a low air pollution (zone D). 

- 44. 93 % of the territory has a very low air pollution (zones E-G). 

The southwestern part of the region has the highest pollution levels; it 
includes vast parts of the provinces of Rovigo, Padova and Venezia. The 
northern and eastern parts of the region have a better situation. By comparing 
the map of fig 21 with the direction of the prevailing winds (fig.2) it is evident 
that the pollution patterns shown by the map are well in accordance with the 
location of the main pollution sources (Mestre-Marghera, Padova, Verona etc.) 
and with the directions of the main winds. In particular, in the southern plains, 
the main transport is in a NE-SW direction, from Mestre towards the province of 
Rovigo. 
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Condelario concolor 





Fig. 22: distribution map of Candelaria concolor in the Region of Veneto, obtained 
by automatic processing of its frequency data in the 662 stations. 


Candelariella xanthastigma 





Fig. 23: distribution map of Candelariella xanthostigma in the Region of Veneto, 
obtained by automatic processing of its frequency data in the 662 stations. 
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| Hypogymnio physodes 





Fig. 24: distribution map of Hypogymnia physodes in the Region of Veneto, 
obtained by automatic processing of its frequency data in the 662 stations. 


Pormelio exosperotulo 





Fig. 25: distribution map of Parmelia exasperatula in the Region of Veneto, 
obtained by automatic processing of its frequency data in the 662 stations. 
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Parmelia sulcata 





Fig. 26: distribution map of Parmelia sulcata in the Region of Veneto, obtained by 
automatic processing of its frequency data in the 662 stations. 


Physcia adscendens 





Fig. 27: distribution map of Physcia adscendens in the Region of Veneto, obtained 
by automatic processing of its frequency data in the 662 stations. 
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Physcio orbiculoris 





Fig. 28: distribution map of Physcia orbicularis in the Region of Veneto, obtained 
by automatic processing of its frequency data in the 662 stations. 


Xonthorio porietino 





Fig. 29: distribution map of Xanthoria parietina in the Region of Veneto, obtained 
by automatic processing of its frequency data in the 662 stations. 
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Distribution patterns of selected species 


The matrix of the stations and species constitutes an interesting database 
for phytogeographic studies. For each species, data on its average frequency 
within each station are available. These can be processed by the same programs 
utilized to obtain the I.A.P. maps. The result is a series of distribution maps that, 
contrary to the currently used dot-maps, show not only the presence-absence of 
a given species within an area, but also its frequency distribution. It should be 
stressed that our data set does not refer to the complete distribution of the 
species within the survey area, since the substrate is limited to Tilia-boles. 
However, the restriction to one type of substrate only permits an easier 
interpretation of the maps, by excluding other edaphic factors that might 
influence the distribution of a given species. Distribution maps have been 
drawn for all species occurring in our data set. For reasons of space, in the 
following we report only the maps of eight selected species. They are briefly 
commented on in the following. 


Candelaria concolor - This species, which is very common throughout Italy 
below the montane vegetation belt, is a typical element of Xanthorion vegetation. 
In north eastern Italy it has the optimum within the Physcietum elaeinae (Nimis & 
De Faveri 1981), a nitrophytic and heliophytic lichen community on eutrophic or 
eutrophiated bark, and it is often associated with Hyperphyscia adglutinata in 
areas with intense agricultural activities. According to Hawksworth & Rose 
(1970), when on eutrophic bark Candelaria concolor tolerates concentrations of 
SO, up to 40 ug/m3. Also Laundon (1973), De Wit (1976) and Deruelle (1983) cite 
this species as rather sensitive to air pollution in the British Isles, in Holland, and 
in northwestern France, respectively. Barkman (1958) attributes to this species a 
rather high poleophoby for the town of Oslo. In all of these cases the species is 
near to its northern distributional limits. A study by Sergio & Bento-Pereira 
(1981) demonstrates, on the contrary, that in Lisboa (Portugal) Candelaria concolor 
is one of the most tolerant lichens towards air pollution. A good resistance to air 
pollution has also been reported by Nimis (1985, 1986, 1990b) for the towns of 
Udine, Trieste and Rome. 

The distribution map of Candelaria concolor in the Veneto Region (fig. 22) 
shows that this species has its optimum in the high plains, on the hills and on 
the lower mountains of the pre-Alps. It tends to decrease both in the relatively 
unpolluted mountain areas of the province of Belluno, and in the highly 
polluted parts of the southwestern plains. On a larger scale, this is the same 
behavior reported by Nimis et al. (1991) for the northern part of the province of 
Vicenza, and reflects both the moderately high tolerance of this species to air 
pollution, and its preferrence for eutrophiated substrata. 
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Candelariella xanthostigma - In Italy this species is widespread from the 
montane zone to the lowlands; in the South, however, it is mostly restricted to 
the mountains. There are only a few data on its tolerance to air pollution, 
particularly because it has been frequently confused with other congeneric 
species. Skye (1968) considers it as moderately sensitive to air pollution in 
Stockholm, and De Wit (1976) lists it under the rather pollution-intolerant 
species. Data from Italy (Nimis 1985, 1990b, Nimis et al. 1991) indicate that in 
this country Candelariella xanthostigma is rather poleophobic, and tends to be 
absent or rare within urban settlements and/or in heavily polluted areas. 

The distribution map of Candelariella xanthostigma in the survey area (fig. 
23) shows a distribution pattern similar to that of Xanthoria parietina and Physcia 
adscendens, with the difference that Candelariella xanthostigma seems to be more 
restricted to the relatively unpolluted mountain areas. It might also be that 
elevation plays a role in determining its distribution pattern within the region. 


Hypogymnia physodes - This species is common throughout Italy from the 
lowlands (where it is less frequent) to the subalpine vegetation belt. It has a 
very wide ecological amplitude, being most frequent in communities growing 
on acid to subacid bark. According to Jirging (1975) its optimal pH is around 
4.5. This species is one of the most frequently cited as an example of a 
pollution-tolerant lichen. The upper tolerance limits to SO, concentrations 
reported in the literature are 70-100 ug/m3 (Hawksworth & Rose 1970, British 
Isles), 75 ug/m3 (Tirk & Christ 1986, Vienna), and 125-150 ug/mì (Crespo et al. 
1981, winter means, Spain). Data from Italy (Nimis 1985, 1986) show that this 
species can penetrate up to the limits of the lichen desert only in areas with a 
relatively humid climate, while in drier areas it seems to be rather poleophobic, 
probably because of the "drought effect", i.e. the drier microclimate of large 
urban areas. 

The map of Hypogymnia physodes in the survey area (fig. 24) shows a 
disjunct distribution: the optimum is in the relatively unpolluted mountain areas 
with low agricultural activity; this species, which is mostly absent from the 
northern plain, reappears, with much lower frequency, around the most 
polluted areas of the low plains. This distribution seems to be conditioned 
essentially by the availability of acid substrates, which are present in the 
mountains (no or scarce eutrophication) and around the lichen desert areas 
(secondary acidification by pollution). 


Parmelia exasperatula - This lichen, which is common throughout Italy, from 
the lowlands to the subalpine vegetation belt, has a wide ecological amplitude, 
being a common element of heliophytic lichen communities both on moderately 
eutrophiated and acidic bark. According to Jiirging (1975) its pH optimum is 
around 5.2, and Wirth (1980) claims that it can stand a rather strong 
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eutrophication of the bark. According to Hawksworth & Rose (1970) Parmelia 
exasperatula does not tolerate mean concentrations of SO, higher than 50 ug/m3. 
De Wit (1976) lists this species as rather sensitive to air pollution in Holland and 
Skye (1968) claims that it is very sensitive in the surroundings of Stockholm. 
Data from Italy (Nimis 1985, 1986, Nimis et al. 1991) show that, at least in the 
north of the country, this species can penetrate up to the margins of the lichen 
desert. 

The distribution map of Parmelia exasperatula in the Veneto Region (fig. 
25) shows that its optimum is in the relatively unpolluted areas of the 
mountains. It tends to decrease both in the intensely cultivated high plains, and 
in the very polluted areas of the low plains. Also in this case, the behavior seen 
on a large scale very much resembles that reported by Nimis et al. (1991) for the 
northern part of the province of Vicenza. This distribution pattern is very similar 
to that of Candelariella xanthostigma. 


Parmelia sulcata - This is one of the most widespread and common lichens 
world wide. In Italy it occurs from the lowlands to the subalpine belt, and is a 
frequent member of several lichen communities, mostly on subacid to acid bark. 
Its pH optimum, according to Jiirging (1968) is of 5.2. In northern Italy it is 
rather photophytic at high elevations, rather skiophytic in the lowlands, where it 
is mostly confined at the northern side of isolated trunks. This species appears 
to be able to tolerate rather high pollution levels; the following upper limits are 
available in the literature: 80 ug/m? (Seaward & Hitch, 1982, British Isles), from 
60 to 125 ug/m? (Crespo et al., winter means, Spain), 70 ug/m3 (Deruelle 1977, 
northern France). Data from northern Italy (Nimis 1985, 1986) indicate that 
Parmelia sulcata is able to thrive up to the limits of the lichen desert in areas with 
rather humid climate conditions. 

The distribution map of Parmelia sulcata in the Veneto Region (fig. 26) 
shows a rather peculiar pattern: this species is most frequent in the relatively 
unpolluted mountain areas of the provinces of Belluno and Vicenza; it is absent 
both from the high plains and from most of the heavily polluted areas in the 
province of Rovigo, and it appears again, although with low frequency values, 
in the low plains, chiefly in the provinces of Treviso, Venice and Padova. A 
similar behavior has been reported by Nimis et al. (1991) for the northem part of 
the province of Vicenza. These distribution patterns might be explained as 
follows: Parmelia sulcata being an acidophytic and relatively anitrophytic lichen, 
has its optimum in the parts of the region where agricultural activity is lowest. It 
appears again in the plains where a moderately high pollution produces a 
secondary acidification of the bark. 


Physcia adscendens - This species is widespread throughout Italy, from the 
lowlands to the subalpine, and sometimes even to the alpine vegetation belts; it 
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grows within Xanthorion-communities, and it appears to be somewhat less 
nitrophytic than Physcia orbicularis. Its tolerance to SO, is rather high: the upper 
tolerance limit reported in the literature is at 70 ug/m3 (Hawksworth & Rose 
1970, Deruelle 1977). The average pH, according to Jirging (1975), is around 5.6. 
Data from Northern Italy (Nimis 1985, 1986, Nimis et al. 1991) indicate that 
Physcia adscendens is able to thrive up to the limits of the lichen desert, when it 
grows on eutrophic bark. 

The distribution pattern of Physcia adscendens in the Veneto Region (fig. 
27) is well correlated with the I.A.P. map (fig. 21). This species is most frequent 
in the relatively unpolluted province of Belluno, and progressively decreases in 
frequency towards the plains, being absent in the most polluted southwestern 
part of the region. This distribution pattern is very similar to that of Xanthoria 
parietina (see fig. 29), and will be discussed with the comments on this species. 


Physcia orbicularis - This lichen is very common throughout Italy, from the 
lowlands to the montane vegetation belt. It grows in communities of the 
Xanthorion parietinae, and it is often associated with other nitrophytic species 
such as Candelaria concolor and Hyperphyscia adglutinata in intensely cultivated 
areas (Nimis & De Faveri 1981). In the British Isles Physcia orbicularis tolerates 
average concentrations of SO, up to 60 ug/mì, but it starts to become abundant 
only at values lower than 50 ug/m3 (Hawksworth & Rose 1970). Similar 
tolerance values are reported by Deruelle (1983) for the surroundings of Paris 
(France). Data from Italy (Nimis, 1985, 1986, 1990b, Nimis et al. 1991) indicate 
that this species can thrive up to the limits of the lichen desert, particularly on 
eutrophic or eutrophiated bark. 

In the Veneto Region Physcia orbicularis is one of the commonest 
epiphytic species, and one of those that are more able to stand high air pollution 
levels. Its distribution map (fig. 28) shows a pattern that very much resembles 
that of Candelaria concolor. Physcia orbicularis has its optimum in the high plains, 
the hills and the pre-Alps, becoming progressively less frequent in the most 
polluted areas around large settlements and in the provinces of Rovigo and 
Padova. Its distribution seems to be influenced positively by the secondary 
eutrophication of the barks due to the agricultural activity, and negatively by 
strong air pollution levels. 


Xanthoria parietina - This species is very common throughout Italy, from the 
lowlands to the upper montane vegetation belt; it has its optimum within 
Xanthorion-vegetation, and it is somewhat less nitrophytic than e.g. Physcia 
orbicularis and Candelaria concolor. Its optimal pH, according to Jiirging (1975) is 
of 5.6. The upper tolerance limits to average concentrations of SO, available in 
the literature are: 70 ug/m3 (Hawksworth & Rose 1970, British Isles), 80-90 
ug/m3 (Johnsen & Sòchting 1973, Copenhagen). Apparently, this species is 
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rather tolerant to pollution, although the reports on its poleophoby throughout 
Europe are rather contradictory (see Nimis et al. 1991). Data from Italy (Nimis 
1985, 1986, 1990b, Nimis et al. 1990, 1991) indicate a moderate to rather high 
toxitolerance for Xanthoria parietina. 

The distribution pattern of Xanthoria parietina in the survey area (fig. 29) 
very much resembles that of Physcia adscendens (fig. 27); the two species also 
have a similar ecology and are frequently associated. The distribution of both 
species is well in agreement with the I.A.P. map (fig 21): both have frequency 
maxima in the relatively unpolluted mountain areas, and decrease progressively 
towards the most polluted parts of the southwestern plains. Their distribution is 
probably influenced, negatively, both by air pollution and by the strong 
eutrophication of the bark due to agricultural activities. 


The distribution maps shown in figs 22-29 can be classified into 4 main 
groups, that represent 4 main distribution patterns. Each group is briefly 
discussed below. 


Distribution pattern 1). - Candelariella xanthostigma, Parmelia exasperatula. 

These are slightly nitrophytic or anitrophytic, subacidophytic to 
subneutrophytic, rather pollution-intolerant species. Their distribution in the 
survey area is limited both by air pollution and by the secondary eutrophication 
of the bark. Their optimum is in the relatively unpolluted mountain areas with 
low agricultural activity. 

Other species with a similar distribution pattern are: Arthopyrenia 
antecellens, Lecanora chlarotera, Lecanora argentata, Parmelia caperata, Parmelia 
subaurifera, Parmelia tiliacea, Parmeliopsis ambigua. 


Distribution pattern 2). - Physcia adscendens, Xanthoria parietina. 

These are rather nitrophytic, subneutrophytic, rather pollution-tolerant 
species. Their distribution pattern is intermediate between those of group 1) and 
of group 3), since they are less sensitive to air pollution than the species of group 
1, and more sensible to strong eutrophication than the species of group 3. 

Other species with a similar distribution are: Caloplaca cerina, Parmelia 
acetabulum, Parmelia subrudecta, Physcia aipolia, Physconia distorta, Xanthoria fallax. 


Distribution pattern 3) - Candelaria concolor, Physcia orbicularis. 

These are strongly nitrophytic, neutro-basiphytic, pollution-tolerant 
species. Their distribution is limited by pollution in the southwestern part of the 
region, by scarce eutrophication of the bark in the northern part. Their optimum 
is in the intensely cultivated, but less polluted northern plains plains, the hill 
belt and the parts of the pre-Alpine valleys with rather high agricultural activity. 
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Other species with a similar distribution pattern are Candelariella reflexa, 
Hyperphyscia adglutinata and Physconia grisea. 


Distribution pattern 4) - Parmelia sulcata, Hypogymnia physodes. 

These are acidophytic, scarcely or non- nitrophytic, rather or strongly 
pollution-tolerant species. The main limiting factor for these lichens is the 
availability of acid to subacid, non- or scarcely eutrophiated substrates. These 
are available in the mountain areas with scarce agricultural activity and in the 
areas surrounding the lichen desert, where secondary acidification by SOQ) is 
stronger. This explains their disjunct distribution patterns, with an optimum in 
the mountains, and a scarce presence also around the most polluted areas of the 
plains. 

Other species with a similar distribution pattern are: Chaenotheca 
furfuracea, Evernia prunastri, Lecanora conizaeoides, Pseudevernia furfuracea, Usnea 
gr. subfloridana. 


Noteworthy is the good correspondence between the ecology of all cited 
species (e.g. as evident in the ordinations of figs. 5 and 6) and their distribution 
patterns. 

The distribution of lichens within the region is conditioned not only by 
air pollution by SO,, but also by other factors, the most important of which 
seems to be the secondary eutrophication of the bark due to the agricultural 
activity. 


CONCLUDING REMARKS 


The results of this study allowed the production of the first large-scale 
air pollution map based on bioindicators in Italy. The method adopted in this 
study proved to have a significant correlation with pollution values; the 
pollution patterns shown by the maps are well in agreement with the location of 
the main emitting sources and with the directions of the prevailing winds. The 
method allowed also the detection of a widespread and pronounced pollution 
by inorganic and organic fertilizers, the eutrophication of the bark tending to 
counterbalance the acidifying effects of pollution by sulphur dioxide. The maps 
presented in this paper may be utilized to detect high risk areas within the 
region, and to optimize the positioning of the recording gauges. Considering 
that this study has been carried out within one year, and that its costs were 
lower than the cost of a single recording gauge, the joint use of bioindicators and 
of instrumental recording is suggested as one of the most appropriate 
approaches to air pollution monitoring. 
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RIASSUNTO - Vengono presentati i risultati di uno studio sull'inquinamento da SO, 
nella regione del Veneto, effettuato utilizzando i licheni epifiti come bioindicatori. E' 
stato adottato il metodo basato sull' "Indice Lichenico Calibrato di Qualità dell' Aria" 
proposto da Liebendoerfer et al. (1988). Tale indice viene calcolato sommando le 
frequenze di tutte le specie di licheni epifiti all'interno di un reticolo di rilevamento 
composto da 10 unità, ed ha dimostrato una correlazione altamente significativa con la 
somma delle concentrazioni di diverse sostanze inquinanti. I risultati di due studi 
preliminari condotti dagli autori in territorio italiano, a La Spezia e nell'Alto Vicentino 
hanno permesso di confermare l'alta predittività di tale indice per l'inquinamento da 
anidride solforosa. 

Nel complesso, sono stati effettuati 2425 rilevamenti in 662 stazioni, così 
distribuite tra le varie provincie: 

Provincia di Belluno: 30 stazioni 

Provincia di Padova: 80 stazioni 

Provincia di Rovigo: 65 stazioni 

Provincia di Treviso: 80 stazioni 

Provincia di Venezia: 60 stazioni 

Provincia di Verona: 120 stazioni 

Provincia di Vicenza 227 stazioni. 

L'alto numero di stazioni in provincia di Vicenza deriva dal fatto che nella sua parte 
settentrionale è stato condotto uno studio preliminare per saggiare le metodiche 
successivamente estese all'intero territorio regionale. 

Tutti i rilievi di vegetazione epifita sono stati effettuati su Tiglio. I rilievi sono 
stati effettuati utilizzando una griglia di 30 x 50 cm, suddivisa in 10 rettangoli, sistemata 
ad 1.2 m sul tronco, con il centro nell'area con la massima copertura lichenica. La somma 
delle frequenze di tutte le specie presenti nei 10 rettangoli costituisce l' Indice di Purezza 
Atmosferica (I.A.P.) del rilievo, L' 1.A.P. della stazione è la media dei valori di tutti i 
rilievi effettuati nella stazione stessa (in media 3.7). 

Le matrici delle specie e delle stazioni sono state sottoposte ad elaborazione 
tramite programmi di analisi multivariata (classificazione ed ordinamento) al fine di 
individuare i principali aspetti vegetazionali in ciascuna provincia, ed i principali 
gradienti ecologici sottostanti alla variazione floristica nell'ambito dell'intera regione. 

L' elaborazione cartografica dei dati è stata effettuata tramite il programma 
SURFER (Goden Software Inc., Golden, colorado, U.S.A.). I dati di input sono: a) dati di 
I.A.P. delle stazioni per le sette provincie e per l'intero territorio regionale (carte 
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dell'inquinamento); b) frequenza media di ciascuna specie (media delle frequenze dei 
rilievi di ciascuna stazione) per tutte le stazioni (carte di distribuzione di specie singole). 

Vengono presentate le carte dell’ inquinamento da SO, delle sette provincie, e 
dell'intera regione: esse sono in buon accordo sia con la disposizione delle principali fonti 
emittenti che con la direzione prevalente dei venti. Nel 93.7 % del territorio regionale le 
medie annue dei 98 percentili di SO, sono inferiori a 84 g/m, e quindi il rischio di 
soglie di inquinamento superiori ai limiti stabiliti dalla legge è nullo o molto basso. Il 25 
% del territorio regionale presenta un moderato inquinamento atmosferico, il 23.4 % un 
inquinamento basso, il 44.9 % ha livelli di inquinamento da SO, trascurabili. Le aree 
maggiormente inquinate si trovano nella porzione sudoccidentale del Veneto, nelle 
provincie di Padova, Rovigo e Vicenza. Ulteriori aree ad inquinamento maggiore sono 
site presso altri centri urbani ed aree industriali. La provincia meno inquinata è quella di 
Belluno, quella più inquinata è quella di Rovigo, ove tuttavia l'inquinamento proviene in 
gran parte da aree site al di fuori del territorio provinciale, soprattutto dalle provincie di 
Padova e Venezia. Le carte possono venir utilizzate per individuare aree a rischio in cui 
posizionare le centraline per il rilevamento strumentale dell'inquinamento. 

La vegetazione lichenica prevalente nell'ambito degli alberi campionati in 
questo studio è quella appartenente all'alleanza Xanthorion parietinae, che include 
comunità di licheni fotofili, nitrofili, neutro-basofili. Ciò è dovuto in primo luogo 
all'eutrofizzazione secondaria dei substrati conseguente all'intensa attività agricola nella 
Pianura Veneta. 

Vengono presentate le carte di distribuzione, anch'esse ottenute per via 
automatica, di 8 specie: Candelaria concolor, Candelariella xanthostigma, Hypogymnia 
physodes, Parmelia exasperatula, Pamelia sulcata, Physcia adscendens, Physcia orbicularis, 
Xanthoria parietina. Esse mostrano un' ottima concordanza tra patterns di distribuzione ed 
ecologia delle specie stesse. In particolare, si possono distinguere 4 patterns di 
distribuzione principali: 1) specie acidofitiche e non’ nitrofitiche, sensibili 
all'inquinamento, con optimum nelle aree montane a scarso sviluppo agricolo; la loro 
distribuzione è limitata sia dall'inquinamento atmosferico da anidride solforosa che da 
quello da fertilizzanti organici ed inorganici: 2) specie moderatamente nitrofitiche, 
subneutrofitiche, moderatamente tolleranti rispetto all'inquinamento da anidride 
solforosa; queste mostrano dei pattern di distribuzione intermedi tra quelli del gruppo 
precedente e del gruppo seguente; 3) specie fortemente nitrofitiche, neutro-basifitiche, 
resistenti all'inquinamento da anidride solforosa; il loro optimum è nell'alta Pianura 
Veneta e nella zona prealpina con maggiore sviluppo agricolo; la loro distribuzione è 
limitata dall'inquinamento da anidride solforosa nella parte sudoccidentale della regione, 
dalla scarsa eutrofizzazione dei substrati in quella montana; 4) specie relativamente 
anitrofitiche ed acidofitiche, che presentano un optimum di distribuzione nelle aree 
montane a scarso sfruttamento agricolo, una scarsissima frequenza nelle parti della 
pianura veneta moderatamente o poco inquinate, ed un lieve aumento della frequenza 
attorno alle aree più inquinate della pianura; tale gruppo di specie evidenzia |' 
acidificazione secondaria dei substrati nelle aree maggiormente inquinate dovuta all' 
inquinamento da anidride solforosa. 

I fattori principali che condizionano la presenza dei licheni nella Regione del 
Veneto sono l'inquinamento atmosferico da gas fitotossici e quello da fertilizzanti 
organici ed inorganici (eutrofizzazione delle scorze) conseguente all'intensa attività 
agricola. 
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Abstract. PHYTOSOCIOLOGICAL STUDY AND MAP OF THE VEGETATION OF SILA 
GRECA (CALABRIA, S-ITALY). This paper presents the results of a study on the 
vegetation of the Sila Greca. The enclosed map (1:50,000) is based on the physiognomy 
and structure of vegetation. The floristic composition of the formation-types represented 
in the vegetation map is described in the text. 


Introduzione 


Questo studio e la carta vegetazionale annessa sono stati realizzati 
nell'ambito di un Progetto Finalizzato del Consiglio Nazionale delle Ricerche, 
avente per scopo lo studio multidisciplinare dei sistemi agricoli e forestali, con 
particolare riguardo alle aree marginali. Una delle aree campione scelte per tale 
ricerca è stato il territorio della Comunità Montana della Sila Greca. 

La Sila Greca è una zona ancora poco nota sotto il profilo botanico, per 
cui un documento di sintesi cartografica, che fornisce un quadro fitosociologico 
di tale area, può in parte colmare le lacune esistenti a tale riguardo. 


Ambiente fisico 


La Sila Greca è situata sul versante ionico del massiccio silano nel tratto 
esposto a NE e compreso fra i corsi del torrente Cino e del fiume Nicà (Fig. 1). 
Essa è delimitata a nord dal Mare Ionio ed a sud da una serie di rilievi (M. 
Altare, 1653 m; M. Paleparto, 1480 m), che la separano dalla Sila Grande. Questa 
regione è caratterizzata da un elevato grado di acclività: si raggiungono 1500 m 
di altitudine a solo 20 km dalla costa. 


* Il presente lavoro è stato finanziato con fondi C.N.R., Progetto Finalizzato "Incremento 
della Produttività delle Risorse Agricole" (resp. Prof. G. Cesca) e con fondi M.P.I. 60 % 
(resp. Dr. M. Codogno). 
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Fig. 1 - Carta schematica della Sila Greca. I tipi climatici indicati seguono la classificazione di Thornthwaite (1948). 


Schematic map of the Sila Greca. The climate-types follow the Thornthwaite's classification (1948). 


Geologia e morfologia 


Il substrato geologico della Sila Greca è costituito da un complicato 
alternarsi di litotipi diversi, ascrivibili a quattro complessi principali (Puglisi et 
al., 1985). Il complesso più antico e più esteso è quello che forma la parte interna 
dell'area studiata ed è costituito da rocce ignee intrusive acide (graniti) e 
metamorfiche (gneiss, filladi, ecc.). Il secondo complesso, trasgressivo sul primo, 
è composto in prevalenza da rocce calcaree (serie di Longobucco), costituenti la 
copertura mesozoico-terziaria dello zoccolo calabrese. Il terzo complesso è 
costituito da rocce sedimentarie (arenarie, marne, argille, ecc.), la cui 
deposizione risale ad un periodo che va dall'Oligocene al Pliocene. Il quarto 
complesso infine è composto dai depositi alluvionali di origine quaternaria. 

La morfologia del territorio è strettamente condizionata 
dall'associazione di unità litologiche con gradi di plasticità e resistenza 
all'erosione molto diversi. L'attuale situazione geomorfologica può essere 
schematizzata individuando tre zone all'interno delle quali i differenti litotipi 
mostrano forme di modellamento affini: 

- Altopiano silano al di sopra di 800-1000 m di altitudine: l'alterazione 
superficiale delle rocce (in prevalenza graniti) dà luogo alla formazione di uno 
strato di sabbia a tessitura grossolana. Lo spessore di questo mantello di 
alterazione è notevole nelle zone pianeggianti e sommitali a morfologia dolce, 
mentre sui versanti l'asporto continuo di materiale degradato determina 
l'affioramento della roccia madre. 

- Sinistra orografica del medio bacino del Trionto: la morfologia di questo settore 
è caratterizzata dalla presenza di versanti ripidi e di valli molto strette e 
profonde, modellate sulle rocce appartenenti alla serie di Longobucco. 

- Destra orografica del medio e basso bacino del Trionto: questa zona è costituita 
da terrazzamenti scavati in rocce sedimentarie di vario tipo (argille, sabbie, 
mamme) dall'azione erosiva del mare durante il sollevamento isostatico di questa 
regione. Il substrato geologico, dove la copertura vegetale è scarsa e la pendenza 
è elevata, è soggetto a fenomeni di erosione accelerata, con formazione di frane e 
di calanchi. 

Tutta la regione studiata è percorsa da corsi d'acqua a carattere 
periodico ("fiumare"), che incidono valli brevi con versanti simmetrici, forte 
inclinazione e tratto inferiore molto ampio e sovralluvionato. 


Clima 


Il macroclima della Sila Greca risulta essere di tipo mediterraneo, 
caratterizzato dall'alternarsi di una stagione invernale mite e piovosa e di una 
stagione estiva secca. L'ampio campo di variazione dell'altitudine (ca. 1500 m) 
porta però a notevoli variazioni topoclimatiche nell'area in oggetto (Fig. 2): 
infatti con l'aumentare della quota aumentano le precipitazioni (ca. 90 mm ogni 
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Fig. 2 - Climadiagrammi di tre stazioni meteorologiche nell'area di studio, poste a diverse altitudini. 
Climatic diagrams of three weather-stations in the study area at different altitudes. 
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100 m) e diminuiscono le temperature (0,7-0,8°C ogni 100 m), con conseguente 
diminuzione dell'evapotraspirazione potenziale. 

I dati termici e pluviometrici di 21 stazioni meteorologiche (Ciancio, 
1971) sono stati elaborati secondo il metodo di Thornthwaite (1948) con lo scopo 
di calcolare l'evapotraspirazione potenziale e di individuare i limiti territoriali 
dei diversi tipi climatici per l'area studiata. Tali limiti sono stati riportati in Fig. 
1. Questa figura mette in evidenza come dal clima di tipo semiarido della zona 
costiera si passi rapidamente al clima di tipo perumido delle quote più elevate. 


Vegetazione 


Dati e metodi 


I tipi vegetazionali impiegati nella cartografia sono stati definiti 
mediante l'analisi di 145 rilievi fitosociologici eseguiti secondo il metodo di 
Braun-Blanquet (1964). L'individuazione dei limiti dei tipi vegetazionali è stata 
realizzata mediante l'interpretazione di una serie di foto aeree eseguite da bassa 
quota, messe a disposizione dalla Comunità Montana della Sila Greca. 

Lo schema della carta è articolato in una classificazione principale della 
vegetazione secondo i piani altitudinali. Per la complessità della zonazione della 
vegetazione in senso verticale, la nomenclatura dei piani altitudinali impiegata è 
stata scelta con lo scopo di fornire indicazioni il più possibile generali sulle loro 
caratteristiche altitudinali ed ambientali. Per ogni piano altitudinale è stata 
eseguita una classificazione basata su caratteri fisionomici e strutturali in gruppi 
di formazioni e, nell'ambito di questi, una suddivisione su base principalmente 
floristica. Per tale scopo, le tabelle fitosociologiche ottenute nell'ambito dei 
diversi gruppi di formazioni sono state elaborate mediante programmi di analisi 
multivariata (Wildi e Orléci, 1983) e di analisi nodale (Ceska e Roemer, 1971). 

La scelta della scala 1:50.000 è stata motivata da due ragioni: l'estensione 
del territorio e la presenza di vaste superfici ricoperte da vegetazione 
fisionomicamente omogenea. In tal senso, questa scala risulta la più opportuna 
in quanto fornisce un documento di sufficiente dettaglio e, nello stesso tempo, 
sintetizza l'attuale situazione della copertura vegetale del territorio. 

La nomenclatura utilizzata per le specie vegetali è quella della Flora 
d'Italia del Pignatti (1982a). 


Note fitogeografiche 


Codogno e Puntillo (1987), in uno studio sulla fitogeografia dei prati e 
pascoli della Sila Greca, hanno messo in evidenza che i geoelementi 
maggiormente rappresentati nella composizione floristica delle formazioni 
erbacee di bassa quota sono quelli mediterranei con baricentro orientale (E- 
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eurimediterraneo e NE-stenomediterraneo), mentre in quelle di quota più 
elevata l'elemento orientale (SE-europeo) ed occidentale (W-europeo) coesistono. 
Ciò avviene pure per le associazioni ad arbusti spinosi della Sila, dove Astragalus 
calabrus (di origine orientale) e Genista anglica (di origine occidentale) coesistono 
nella stessa fascia altitudinale (montana). La composizione floristica della 
vegetazione forestale della Sila Greca presenta dal punto di vista corologico un 
comportamento analogo a quello succitato. Ciò è in perfetto accordo con la 
divisione della penisola appenninica in zone biogeografiche su base 
fitosociologica proposta da Bonin (1978, cartina a pag. 290), nella quale il 
territorio della Sila Greca risulta essere a cavallo fra la zona ionica (con affinità 
balcanico-meridionale) e quella tirrenica (più povera in elementi balcanici e 
decisamente a carattere più oceanico). 


Zonazione altitudinale 


La variazione della durata del periodo arido estivo con l'altitudine, 
determinata dalle diverse condizioni topoclimatiche succitate, dà luogo ad una 
zonazione altitudinale della vegetazione nel territorio studiato (Codogno e 
Puntillo, 1988). Per l'interpretazione di questa zonazione è necessario non 
trascurare l'azione antropica, la quale sia nel passato che attualmente ha 
apportato notevoli modificazioni alla vegetazione potenziale nell'ambito delle 
diverse fascie altitudinali. Tale zonazione può venir schematizzata come segue: 

- Piano basale: si estende dalla linea di costa fino a 600 m di altitudine. La 
vegetazione zonale di queso piano è costituita da formazioni a sclerofille 
sempreverdi termoxerofile (boschi a Quercus ilex), nelle quali, non di rado, 
accanto alla componente sempreverde è presente pure una componente 
caducifoglia (Fraxinus ornus, ecc.).Il limite altimetrico inferiore attuale di queste 
formazioni (100-150 m) è legato all'azione umana di disboscamento per ottenere 
superfici per pascoli e coltivi (principalmente agrumi ed olivo). 

- Piano collinare: si estende da 600 m fino a 1100 m di altitudine. La vegetazione 
zonale di questo piano è costituita da formazioni a latifoglie decidue termofile 
(Quercus virgiliana, Q. cerris, Q. frainetto, Q. dalechampii, Ostrya carpinifolia, Acer 
obtusatum, ecc.). E° in questo piano altitudinale che ha il baricentro la coltura del 
castagno. 

- Piano montano: è situato oltre 1100 m di altitudine. E caratterizzato da 
formazioni zonali a latifoglie decidue mesofile (Fagus sylvatica) ed a conifere 
(Pinus laricio). L'attività silvopastorale ha modificato notevolmente la 
vegetazione di questo piano, espandendo le aree a pascolo e favorendo in molte 
stazioni boschive il pino nei confronti del faggio. 

I limiti altitudinali sopra riportati sono da considerarsi puramente 
indicativi in quanto la geomorfologia molto varia e diverse condizioni 
topoclimatiche possono determinare dislocazioni extrazonali di alcuni tipi di 
vegetazione. 
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Formazioni vegetali cartografate 


La discussione delle formazioni vegetali segue l'ordine della legenda 
della carta annessa. 


PIANO BASALE 


Questo piano è caratterizzato da un notevole grado di antropizzazione, 
legato alla presenza dei centri urbani più estesi e popolati e di vaste superfici 
coltivate. La coltura più frequente è quella dell'olivo che dalla zona costiera si 
spinge sui rilievi interni fino a 500-600 m di quota. Nella piana di Rossano gli 
oliveti sono spesso associati agli agrumeti, mentre più a sud, sulle colline 
argillose del medio bacino del fiume Nicà, alla coltura degli agrumi si sostituisce 
quella della vite. 


Formazioni a sclerofille sempreverdi termoxerofile 


La lecceta 


Le formazioni arboree del piano basale si presentano particolarmente 
frammentarie: si tratta per lo più di stadi di degradazione dei boschi a Quercus 
ilex, soggetti a diradamento tramite taglio ed incendio per aumentare le superfici 
a pascolo. La zona a NE di Rossano, comprendente i rilievi che salgono fino al 
santuario del Patire, è una tra le poche aree in cui la vegetazione a sclerofille 
sempreverdi si presenta con aspetti più maturi. 

I rilievi fitosociologici eseguiti in questo tipo di vegetazione (Tab. 1) 
sono compresi in una fascia altitudinale che va da 140 m a 600 m di altitudine. 
Tra le specie che caratterizzano questa formazione boschiva prevalgono quelle 
stenomediterranee (Quercus ilex, Phillyrea latifolia, Arbutus unedo, Asparagus 
acutifolius, Rubia peregrina, Selaginella denticulata) seguite dalle eurimediterranee 
(Fraxinus ornus, Celtis australis, Tamus communis, Cardamine graeca), fra cui alcune 
con baricentro di distribuzione orientale. Notevole è pure la presenza nel 
sottobosco di numerose crittogame vascolari (Asplenium trichomanes, Selaginella 
denticulata, Asplenium onopteris, Anogramma leptophylla, Polystichum sp.). L'altezza 
dello strato arboreo non supera mai la decina di metri ed è sempre presente uno 
strato arbustivo ricco di specie e con elevati valori di copertura. 

Dal punto di vista fitosociologico, le specie caratteristiche di Quercetea 
ilicis (Arbutus unedo, Erica arborea, Phillyrea latifolia, Quercus ilex, Rubia peregrina, 
Smilax aspera, ecc.) sono numerose e le fitocenosi in oggetto possono venir 
considerate una variante relativamente povera in elementi mediterraneo- 
orientali dell'associazione Orno-Quercetum ilicis. Barbero e Quezel (1976) hanno 
descritto un tipo di lecceta caratterizzato dalla presenza di Arbutus unedo e 
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Tab. 1 - Rilievi di lecceta. Le specie sporadiche sono riportate in appendice. 
Relevés of evergreen sclerophyllous wood with Quercus ilex. The rare species are in the 


appendix. 
Rilievo n° 1 2 3 4 S 6 7 8 
Altitudine (m) 500 400 600 550 550 450 140 450 
Esposizione E W E E ENE E N E 
Inclinazione (°) 35 45 30 30 20 20 40 35 
Superficie (m2) 50 100 70 70 50 50 30 50 
Roccia affiorante (%) 3002 = = = 5 10 20 
Copertura strato arboreo (%) 90 80 80 80 20 40 100 70 
Strato arboreo: 
Quercus ilex 4 4 1 2 2 4 2 2 
Fraxinus ornus al 1 1 3 il 2 
Arbutus unedo 1 + 1 
Celtis australis Tae, we 
Strato arbustivo: 
Phillyrea latifolia 2 PAD Oa 2 ee 
Quercus tlex 3 + + 2 + 2 + 
Fraxinus ornus r + + + + 1 
Erica arborea < SO ae” Se + 
Cytisus villosus es I 
Arbutus unedo ne: <a 2 3 
Rubus sp. Lo LE ia 
Calicotome villosa 1 + 1 
Celtis australis ey 225. 2 
Strato erbaceo: 
Asplenium trichomanes | ee Se + + + 
Selaginella denticulata 1 r + + + Lei 
Asplenium onopteris 100007 ae PI 
Rubia peregrina se OE; FI 
Tamus communis DI dI pa 
Ruscus aculeatus + + + 1 + 
Cyclamen sp. iO NO O r 
Asparagus acutifolius + + + x 
Teucrium siculum r + + 1 
Cardamine graeca > «BN ONE 2 
Smilax aspera PI 
Anogramma leptophylla ta + = 
Geranium robertianum pa È pa 
Carex distachya + 1 + 
Hypericum barbatum È + 1 
Brachypodium sylvaticum + + + 
Quercus tlex pl. al + + 
Polystichum sp. L "N 
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strettamente affine all' Orno-Quercetum ilicis su substrati acidi del Pindo e del 
Peloponneso, , il quale è floristicamente molto simile alle fitocenosi qui rilevate. 
La povertà in elementi caratteristici mediterraneo-orientali di Orno-Quercetum 
ilicis in entrambi i tipi di fitocenosi è probabilmente di natura edafica: infatti le 
facies più ricche in specie caratteristiche di tale associazione sono quelle site su 
roccia calcarea, mentre in Sila Greca (come nelle zone rilevate dagli autori 
succitati) il substrato non è di natura carbonatica. 


La macchia bassa 


La macchia mediterranea di origine secondaria e dinamicamente 
collegata ai boschi sopra descritti è costituita da suffrutici, cespugli ed alberi di 
piccole dimensioni che non superano mai 2-3 m di altezza. Essa si presenta fitta 
su scarpate e versanti ad elevata inclinazione e diventa più rada su superfici 
pianeggianti soprattutto per effetto del pascolamento intensivo. Ove il degrado è 
maggiore, questi popolamenti sono quasi esclusivamente formati da Calicotome 
villosa, Phillyrea latifolia, Asparagus acutifolius, Cistus monspeliensis, Cistus incanus; 
nelle stazioni meno disturbate a queste specie si aggiungono Rhamnus alaternus, 
Erica arborea, Pistacia lentiscus, Quercus ilex. 


La boscaglia dei greti delle fiumare 


Lungo i corsi d'acqua e soprattutto sui greti delle fiumare nelle posizioni 
più umide cresce una vegetazione arbustiva caratterizzata da Nerium oleander, al 
quale si accompagnano poche altre specie legnose, fra cui Vitex agnus-castus e 
Tamarix sp. pl. Dal punto di vista fitosociologico, potrebbe trattarsi di resti di 
una boscaglia ripariale tipica delle zone semiaride, inquadrabile nella classe 
Nerio-Tamaricetea (Schneider e Sutter, 1982). 


Formazioni erbacee 


Il pascolo sulle argille 


Sulle colline argillose della fascia basale, oltre ad estese superfici 
coltivate a cereali, si trovano vaste aree utilizzate a pascolo ricoperte da una 
comunità vegetale a Hedysarum coronarium e Cynara cardunculus (Bernardo et 
al.,1990). La composizione floristica di questa fitocenosi risulta dalla prima 
colonna della tabella sintetica fitosociologica riportata in Tab. 2. In questa 
formazione erbacea, a differenza di altre sottoposte alle stesse condizioni 
climatiche ma su substrato non argilloso, è notevole la presenza di specie 
perenni (Hedysarum coronarium, Cynara cardunculus, Scorzonera trachysperma, 
Carduus corymbosus, Plantago serraria), fra cui molte geofite (Bellevalia romana, 
Gladiolus italicus, Ophrys sp.pl.) a crescita e fioritura precoce in corrispondenza 
della breve stagione primaverile. Numerose specie di questa comunità sono 
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Tab. 2 - Classi di frequenza delle specie nei pascoli dei tre piani altitudinali. 1=piano 


basale; 2=piano collinare; 3=piano montano. 


Frequency classes of species in the pastures of the three altitudinal belts. 1=lowland belt; 


2= hill belt; 3= mountain belt. 


Gruppo di rilievi n° 
Numero di rilievi 


Hedysarum coronarium 
Cichorium intybus 
Sherardia arvensis 
Cynara cardunculus 
Inula viscosa 

Euphorbia exigua 
Linum strictum 
Blackstonia perfoliata 
Bellardia trixago 
Anagallis aroensis 
Scorzonera trachysperma 
Aegilops geniculata 
Geranium dissectum 
Mentha pulegium 
Ononis alopecuroides 
Sonchusoleraceus 
Plantago serraria 
Bellevalia romana 

Picris echioides 

Pallenis spinosa 
Hypochoeris achyrophorus 
Foeniculum vulgare 
Catananche lutea 
Carduus corymbosus 
Nigella damascena 
Centaurium maritimum 
Brachypodium distachyum 
Avena fatua 

Gladiolus italicus 
Polygala monspeliaca 
Euphorbia helioscopia 
Crepis vesicana 

Ophrys bertolonii 

Carex flacca 

Reichardia picroides 
Dactylis hispanica 
Scabiosa maritima 
Parentucellia viscosa 
Convoloulus arvensis 
Centaurium erythraea 
Sonchus arvensis 
Tragopogon dubius 
Trifolium lappaceum 
Vicia sativa 
Catapodium rigidum 
Trifolium pallidum 
Chrysanthemum segetum 
Hedypnois rhagadioloides 
Scorpiurus muricat us 
Medicago hispida 
Gastridium ventricosum 
Oenanthe pimpinelloides 
Anthemis arvensis 

Briza maxima 

Echium plantagineum 
Dipsacus fullonum 
Potentilla reptans 
Prunella vulgaris 

Vicia bithynica 

Avena barbata 
Trifolium scabrum 
Medicago orbicularis 
Lolium perenne 
Trifolium campestre 
Aira cupaniana 

Daucus carota 

Bromus sterilis 
Trifolium angustifolium 
Vulpia ciliata 
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Hypericum perforatum 
Gaudinia fragilis 
Trifolium arvense 
Hypochoeris radicata 


Cynosurus echinatus 
Chonda juncea 

Silene gallica 

Tolpis virgata 

Trifolium strictum 

Jasione echinata 

Centaurea jacea 

Eckium italicum 

Quercus ilex (plantula) 
Origanum vulgare 
Legousia speculum-veneris 
Trifolium nigrescens 
Oglifa gallica 

Silene conica 

Poa annua 

Micropus erectus 
Verbascum thapsus 
Torilis arvensis 
Convoloulus elegantissimus 
Lathyrus sphaericus 
Agrostis castellana 

Vicia cracca 

Carduus nutans 

Tolpis umbellata 
Herniaria glabra 

Lotus angustissimus 
Sinapis pubescens 
Cerastium semidecandrum 
Galium verum 

Anthyllis vulneraria subsp. maura 
Trifolium ochroleucum 
Plantago serpentina 
Anthems montana 

Poa bulbosa 

Phleum ambiguum 
Festuca circummediterranea 
Armenia canescens 
Helianthemum nummularium 
Hieracium hoppeanum 
Potentilla calabra 
Centaurea deusta 

Silene vulgaris 

Achillea nobilis s.1. 
Leopoldia comosa 
Hypericum barbatum 
Petrorhagia saxifraga 
Anthoxanthum odoratum 
Sedum tenuifolium 
Bunium bulbocastanum 
Thymus pulegioides 
Leontodon cichoraceus 
Rumer acetosella 

Viola aettoensis subsp. masmensis 
Orchis sambucina 
Cuscuta epithymum 
Silene alba 

Cirsium vallis-demonii 
Plantago lanceolata 

Bellis perennis 
Hypochoeris laevigata 
Dactylis glomerata 
Raphanus raphanistrum 
Sanguisorba minor 
Bromus hordeaceus 

Picris hieracioides 
Cynosurus cristatus 
Carlina vulgaris 
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strettamente legate al substrato argilloso (Hedysarum coronarium, Ononis 
alopecuroides, Carduus corymbosus, Catananche lutea). Dove il carico di 
pascolamento è più pesante, le specie non appetite dal bestiame come Cynara 
cardunculus invadono gran parte della superficie del pascolo. 


La "steppa" a sparto 


Sempre su substrato argilloso, ma dove la pendenza maggiore dà luogo 
a fenomeni erosivi che possono portare alla formazione di veri e propri calanchi, 
si sviluppa una fitocenosi fisionomicamente simile alla vegetazione steppica 
dell'Africa settentrionale, in cui dominano Lygeum spartum e Cymbopogon hirtus. 
Si tratta di una fitocenosi floristicamente molto simile alle praterie di Lygeum 
spartum descritte per la Calabria da Gentile e Di Benedetto (1961) e da Schneider 
e Sutter (1982). 


La gariga a elicriso 


Negli alvei dei corsi d'acqua e sui depositi glareosi costieri in prossimità 
delle foci delle fiumare sono diffusi popolamenti misti ad erbe e suffrutici. Si 
tratta di una gariga caratterizzata dalla presenza di Helichrysum italicum, 
Artemisia variabilis e Teucrium polium, alle quali si accompagnano varie specie 
erbacee tipiche delle praterie xeriche mediterranee (Echium plantagineum, Silene 
gallica, Hypochoeris radicata). 


La vegetazione del litorale sabbioso 


L'ambiente costiero è in gran parte degradato e la vegetazione si 
presenta frammentaria e molto impoverita. La costa è ovunque bassa e, dove si 
ha accumulo di depositi sabbiosi, si sviluppa una vegetazione psammofila 
caratteristica molto discontinua rappresentata da popolamenti pionieri. Si tratta 
di fitocenosi ricche di specie caratteristiche della classe Ammophiletea (Agropyron 
junceum, Eryngium maritimum, Echinophora spinosa, Cyperus kalli), alle quali, 
spingendosi in direzione della zona afitoica, si accompagnano varie specie di 
Cakiletea maritimae (Cakile maritima, Salsola kali). 


PIANO COLLINARE 


Il paesaggio di questa fascia altitudinale è molto vario con contrasti 
accentuati dalla diversità dei substrati: ai rilievi prevalentemente argillosi tra i 
quali scorre il fiume Nicà si sostituiscono gradualmente procedendo da SE a NW 
substrati marnoso-argillosi, marnoso-calcarei e granitici. Tale variabilità del 
substrato e delle forme di erosione determinano una notevole diversificazione 
dei tipi di vegetazione. 


O. 


La superficie boscata, pur essendo molto estesa, risulta essere molto 
degradata sia nella struttura che nella composizione, per l'uso contemporaneo 
che subisce sia per la produzione di legname sia come pascolo. Considerando 
che queste formazioni boschive sono ubicate nella zona collinare e nei medi 
bacini idrografici dove è più rilevante il dissesto idrogeologico, si intuisce quale 
importanza viene ad avere la ricostituzione e la salvaguardia di questo 
patrimonio forestale. 


Formazioni a latifoglie decidue termofile 


Il querceto deciduo 


Per ciò che riguarda la vegetazione arborea, nel settore NW 
predominano boschi a Quercus virgiliana e Quercus cerris, mentre nella parte 
centrale e SE del territorio a Quercus virgiliana si sostituisce quasi completamente 
Quercus frainetto. Sui versanti a forte pendenza e con frequenti affioramenti 
rocciosi si trova nel sottobosco pure Quercus ilex in forma arbustiva, il quale, 
legato alle particolari condizioni edafiche e topoclimatiche, sale nelle stazioni 
rupestri fino oltre 1000 m di altitudine. 

In base ai risultati dell'analisi nodale eseguita sui rilievi vegetazionali 
delle fitocenosi forestali della Sila Greca, questi boschi si differenziano dalle 
formazioni arboree degli altri due piani altitudinali per la presenza delle 
seguenti specie: Cytisus villosus, Crepis leontodontoides, Teucrium siculum e Silene 
italica. La prima di queste specie indica il carattere ancora tipicamente 
mediterraneo di questi boschi (in molti rilievi è presente ancora Quercus ilex 
nello strato arbustivo ed in quello erbaceo), Crepis leontodontoides e Silene italica 
sono specie caratteristiche dell'ordine Quercetalia pubescentis (boschi di 
caducifoglie termofile), mentre Teucrium siculum indica la presenza di un 
substrato a reazione acida. Va notato che le prime due specie citate hanno 
distribuzione mediterranea centro-occidentale, mentre Teucrium siculum è un 
endemismo dell'Italia meridionale appartenente al gruppo di Teucrium 
scorodonia, specie subatlantica. Quindi, come già osservato precedentemente 
nelle note fitogeografiche, già in questa fascia di vegetazione si manifesta 
l'infiltrazione di elementi occidentali in formazioni, la cui composizione 
floristica è ancora prevalentemente orientale. 

Sulla carta allegata questi boschi sono stati inclusi in un unico tipo di 
formazione, in quanto presentano dal punto di vista fisionomico una struttura 
molto simile. L'analisi su base floristica ha permesso però di distinguere 
nell'ambito dei boschi in oggetto cinque diversi tipi vegetazionali. La loro 
distribuzione può essere individuata sulla carta in base alle indicazioni fornite 
dalle sigle delle specie arboree presenti. Va qui notato che l'indicazione Quercus 
pubescens riportata sulla carta va probabilmente corretta dal punto di vista 
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Tab. 3 - Classi di frequenza delle specie nei tipi di bosco deciduo del piano collinare. In 
colonna 1 è riportato il numero di rilievi, in cui le specie sono presenti. 
Frequency classes of species in the deciduous wood-types of the hill belt. In column 1 


the numbers are the occurrences of the species in the relevés. 


Gruppo di rilievi n° 1 2 3 & 5 6 
Numero di rilievi 3 9 6 9 15 5 
Strato arboreo: 

Acer mospessulanum 2 I 

Quercus ilex a TI I 

Quercus virgiliana 3 V Ji 

Quercus cerris 7 V Vv V JI 

Acer obtusatum al I II V 

Pinus laricio I II V I I 
Ostrya carpinifolia DI È DT 

Quercus dalechampii LEI 

Quercus frainetto LI V 

Castanea sativa 2 II LT I V 
Strato arbustivo: 

Acer monspessulanum 2 di 

Fraxinus ornus 2 I I 

Quercus virgiliana ol IV I 

Pirus pyraster I I i 
Cytisus scoparius 1 I I 
Spartium junceum 1 I I il 

Crataegus monogyna 1 III LEI Ti TI 
Quercus ilex 2 IV DI TELI DI 

Rubus sp. 3 IV V V DI IV 
Rosa Sp. 1 TE rit FI I DI 
Cytisus villosus 3 V V V IV II 
Quercus cerris V Vv Vv IT I 
Cistus salvifolius I I 

Prunus spinosa I TI I 

Prunus dulcis I I I 

Sorbus torminalis i Hi LI 

Acer obtusatum 1 J Vv I 
Pinus laricio I V sa 

Ilex aquifolium I V 

Ostrya carpinifolia V 

Quercus dalechampii LIL 

Quercus frainetto ti V 

Erica arborea 1 IV 

Cistus incanus I IV i 
Calicotome villosa I TIT 

Castanea sativa 2 I Di I V 
Strato erbaceo: 

Calamintha nepeta 3 I 
Lamium maculatum 2 II 
Quercus virgiliana 3 Til i 

Castanea sativa 2 DI I 3 

Ruscus aculeatus 2 soi tI II 
Campanula rapunculus 1 Ti I 

Geranium robertianum 1 LI I I 
Briza maxima 1 I I 

Viola alba 2 I HI III 
Doronicum orientale 2 ET I ILE I 


Hedera helix 
Quercus ilex 

repis leontodontoides 
Silene italica 

Luzula forsteri 
Clinopodium vulgare 
Fragaria vesca 
Dactylis glomerata 
Helianthemum sp. 
Vicia sp. 
Petrorhagia sp. 
Allium triquetrum 
Tolpis umbellata 
Reichardia picroides 
Cynosurus echinatus 
Fraxinus ornus 
Daphne laureola 
Viola reichenbachiana 
Aremonia agrimonoides 
Achillea ligustica 
Teucrium siculum 
Festuca heterophylla 
Quercus cerris 
Anthoxanthum odoratum 
Brachypodium sylvaticum 
Pteridium aquilinum 
Lathyrus venetus 
Poa trivialis 

Knautia calycina 
Trifolium ochroleucum 
Veronica chamaedrys 
Scutellaria columnae 
Ranunculus repens 
Sedum tenuifolium 
Galium album 
Jasione montana 
Digitalis micrantha 
Geranium versicolor 
Melica uniflora 
Tamus communis 
Helleborus foetidus 
Carlina vulgaris 
Silene vulgaris 
Acer obtusatum 
Pinus laricio 
Quercus dalechampii 
Ostrya carpinifolia 
Sesleria autumnalis 
Poa bulbosa 
Cyclamen sp. 
Epipactis helleborine 
Hypochoeris achyrophorus 
Quercus frainetto 
Trifolium medium 
Oenanthe pimpinelloides 
Galium lucidum 
Potentilla micrantha 
Vicia incana 
Dorycnium hirsutum 
Hypericum barbatum 
Galium odoratum 
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stata osservata unicamente Quercus virgiliana. 
I cinque tipi di bosco individuati sono i seguenti: 


Bosco a Quercus virgiliana-Acer monspessulanum (Tab.3, colonna 1): si 
tratta di boschi estremamente termofili, posti a ca. 600 m di altitudine, in diretto 
contatto con la lecceta della fascia sottostante. Gli strati arboreo ed arbustivo 
sono costituiti da varie specie di Quercetalia pubescentis (Quercus virgiliana, Acer 
monspessulanum, Fraxinus ornus), alle quali si accompagna Quercus ilex. Fra le 
specie boschive sono degne di nota Pirus pyraster (arbustivo), Doronicum 
orientale, Clinopodium vulgare, Hedera helix e Ruscus aculeatus. Sia nello strato 
arboreo che in quello erbaceo si nota una mescolanza di specie caratteristiche di 
Quercetalia pubescentis e di Quercetea ilicis. 


Bosco a Quercus cerris (Tab.3, colonne 2, 3, 4): Quercus cerris è la specie 
arborea più diffusa in questa fascia altitudinale. Nella composizione floristica 
delle cerrete della Sila Greca mancano quasi del tutto le specie caratteristiche 
delle cerrete dell'Appennino Lucano centro-settentrionale (Aita et al., 1977). 
Inoltre, a differenza di quanto avviene nel resto dell'Italia meridionale, il cerro e 
Quercus frainetto in Sila Greca non sono ben equilibrati nell'ambito delle singole 
fitocenosi: infatti si hanno formazioni ove predomina il cerro o formazioni ove 
predomina il farnetto. Sembra cioè che il ruolo preponderante giocato dal cerro 
(specie submediterranea nord-orientale) in tutto l'Appennino, probabilmente 
anche per motivi silvicolturali (Quezel e Bonin, 1980), si indebolisca in questa 
regione per dar spazio ad altre specie quercine a distribuzione principalmente 
sud-italico-balcanica (Quercus frainetto e Quercus dalechampii). Nonostante la 
povertà in specie delle cerrete in oggetto rispetto a quelle lucane, si possono 
notare anche nei boschi a Quercus cerris della Sila Greca le diverse tendenze 
messe in evidenza da Aita et al. (1977) per le cerrete lucane e cioè: una variante a 
carattere termofilo ricca in specie di Quercetalia pubescentis (v. Bosco a Quercus 
cerris-Quercus virgiliana); una variante a carattere mesofilo con prevalenza di 
elementi di Fagetalia (di cui è stato eseguito un solo rilievo); una variante nella 
quale un ruolo importante è giocato da Ilex aquifolium (v. Bosco a Quercus cerris- 
Ostrya carpinifolia). Va ricordato inoltre che è su questo tipo di boschi, con tutte 
le sue varianti, che l'uomo ha impiantato la coltura del castagno (Bonin e 
Gamisans, 1976). 

Le specie che caratterizzano le cerrete della Sila Greca nei confronti degli 
altri tipi di bosco sono: Festuca heterophylla, Daphne laureola e Luzula forsteri. Si 
tratta di tre specie mesofile caratteristiche della classe Querco-Fagetea. 


Bosco a Quercus cerris-Quercus virgiliana (Tab. 3, colonna 2): questa 
variante più termofila delle cerrete è caratterizzata dalla rarefazione delle specie 
mesofile succitate e dall'ingresso di alcune specie caratteristiche di Quercetalia 
pubescentis (Quercus virgiliana, Achillea ligustica, Trifolium ochroleucum, Scutellaria 
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columnae), alle quali si accompagnano varie specie a distribuzione 
stenomediterranea (Allium triquetrum, Tolpis umbellata, Reichardia picroides). 

Bosco a Quercus cerris-Ostrya carpinifolia (Tab. 3, colonna 4): questo tipo 
di bosco è presente nella parte occidentale dell'area studiata a quote che si 
aggirano attorno a 1000 m. Si tratta di alcuni frammenti, dei quali i più estesi 
sono sul Cozzo del Pesco nella zona cartografata come querceto a Quercus cerris 
con grado di copertura di 40%-70%. Nello strato arboreo di questi boschi è 
sempre presente con esemplari di notevoli dimensioni Ostrya carpinifolia, alla 
quale si accompagnano altre specie arboree SE-Europee (Quercus dalechampii, 
Acer obtusatum) e Pinus laricio. In particolar modo Quercus dalechampii gioca un 
ruolo importante in questa formazione nei rilievi alle quote più elevate (al di 
sopra di 1000 m di altitudine). Questo tipo di bosco si sviluppa in stazioni a forte 
pendenza su un substrato a tessitura grossolana, ricco in scheletro e con basso 
contenuto di argilla, il quale deriva dal disfacimento di rocce cristalline. Va 
notato che su un substrato simile sono stati rilevati i boschi a Quercus dalechampti 
nel Rodope greco (Zoller et al., 1977). Nello strato arbustivo dominano specie 
che Pignatti (1979) indica come elementi della fascia colchica (Ilex aquifolium, 
Daphne laureola, Hedera helix). Nello strato erbaceo vanno ricordate Digitalis 
micrantha, endemismo appenninico, per l'elevato grado di presenza e, in alcuni 
rilievi, Sesleria autumnalis con elevati valori di copertura. E° interessante notare 
inoltre che in questo tipo di bosco sia Crepis leontodontoides che Teucrium siculum 
(caratteristici dei boschi misti di caducifoglie di questa fascia) si rarefanno. 

Le stazioni qui rilevate sembrano corrispondere a quelle con elevata 
umidità dell'aria e bassa capacità idrica del suolo, considerate da Pignatti 
(1982b) quali stazioni primarie di Ostrya carpinifolia al margine meridionale del 
suo areale. 

E° in questo tipo di bosco e nelle cerrete più mesofile che si trovano le 
specie considerate da Gentile (1969) quali caratteristiche dell'associazione 
Aquifolio-Fagetum, per cui è valida anche per la Sila Greca la seguente 
osservazione fatta da Aita et al. (1984) per la Lucania centro-settentrionale:"... le 
specie caratteristiche dell'Aquifolio-Fagetum, che dall'Appennino centrale verso 
nord appaiono più strettamente legate ai querceti caducifogli, anche nelle nostre 
zone, dove questi boschi sono ben più rappresentati, perdono gran parte del loro 
significato; anzi talune di esse sono addirittura assenti ... o più rare ..., proprio in 
faggeta". Quindi in Calabria l'associazione Agquifolio-Fagetum sembra essere 
unicamente presente dove si ha una forte riduzione della fascia dei querceti 
caducifogli per la discesa del faggio (p. es. sulla Catena Costiera tirrenica), 
dovuta probabilmente alla costante azione dei venti umidi occidentali. Al 
contrario, sul versante ionico la faggeta è situata a quote superiori, dove le 
condizioni termiche non permettono la presenza delle specie di Aquifolio- 
Fagetum. 
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Bosco a Quercus frainetto (Tab. 3, colonna 5): in questo tipo di bosco, a 
differenza delle altre formazioni a Quercus frainetto rilevate nell'Italia 
meridionale (Bonin e Gamisans, 1976; Aita et al., 1977), Quercus cerris è presente 
solo raramente. Il substrato è simile a quello del tipo di bosco precedente 
(derivato dal disfacimento di rocce acide), la quota invece è leggermente più 
bassa (compresa fra 700 m e 1000 m) ed il grado di inclinazione è generalmente 
minore. Il fatto che Quercus frainetto cresca a quote inferiori rispetto a Quercus 
dalechampii è stato notato anche per la Grecia (monte Tymphristos - Voliotis, 
1976). Le specie che sono legate a questo tipo di fitocenosi sono: Oenanthe 
pimpinelloides (caratteristica di Melitto-Quercion frainetto), Helleborus foetidus, 
Potentilla micrantha, Galium lucidum, Vicia incana (tutte quattro caratteristiche o 
frequenti nei boschi dell'ordine Quercetalia pubescentis), Erica arborea, Calicotome 
villosa, Cistus incanus (si tratta di tre specie stenomediterranee), Viola alba e 
Trifolium medium. La ricchezza in specie mediterranee e soprattutto la presenza 
notevole di Erica arborea ricordano i raggruppamenti a Quercus frainetto descritti 
da Barbero e Quezel (1976) per il Peloponneso. 


Il castagneto 


Come già accennato in occasione della descrizione delle cerrete, il 
castagno (Castanea sativa) è abbastanza diffuso in questa fascia di vegetazione. 
Esso è presente, sia pur in modo discontinuo, da 600 m a 1000 m di altitudine e 
con esemplari sporadici, residui di antichi castagneti da frutto, scende fino a 300 
m di quota nei dintorni di Rossano. 

Il castagno forma boschi cedui monofitici anche di notevole estensione 
(valle del Trionto presso Longobucco), mentre di rado si rinviene all'interno dei 
querceti. Dal punto di vista floristico i castagneti costituiscono fitocenosi, nelle 
quali sono scarsamente rappresentate le specie caratteristiche delle cerrete (Tab. 
3, colonna 6). 


L'arbusteto da degrado boschivo 


Vaste superfici della fascia collinare sono occupate da una formazione 
cespugliosa secondaria, la cui origine è determinata dal taglio dei boschi o 
dall'abbandono delle attività agro-pastorali. Queste situazioni, che rientrano 
nelle fasi dinamiche di ripresa naturale o di degrado del bosco, hanno una 
composizione floristica che risulta alquanto omogenea. Le specie dominanti 
sono Spartium junceum, Cytisus scoparius, Crataegus monogyna, Prunus spinosa, 
Rosa sp. e Rubus sp. Nelle situazioni di maggior degrado è presente una densa 
copertura di Pteridium aquilinum. 
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Formazioni erbacee 


Si tratta di pascoli su substrati eterogenei a componente 
prevalentemente arenaceo-marnosa o calcareo-marnosa. Essi possono venir 
caratterizzati dalla presenza di Cynosurus echinatus, C. cristatus, Briza maxima, 
Trifolium campestre, T. arvense e T. angustifolium. 

La composizione floristica di questi pascoli risulta da Tab. 2 (colonna 2). 
Molto ben rappresentate sono le terofite (Vulpia ciliata, Trifolium arvense, Silene 
gallica, Anthemis arvensis, Echium plantagineum, Briza maxima, Trifolium strictum). 
Molte specie sono strettamente legate al substrato sabbioso (Silene conica, Echium 
plantagineum, Jasione echinata) ed alcune sono caratteristiche delle formazioni 
effimere su suolo acido (Tuberarietalia guttati: p. es. Silene gallica, Briza maxima). 

Dove il substrato diventa a tessitura più fine tendono a prevalere le 
specie perenni (Lolium perenne, Agrostis castellana, Oenanthe pimpinelloides), 
mentre dove il substrato è argilloso si formano praterie a Hedysarum coronarium e 
Ononis alopecuroides simili a quelle descritte per i dossi argillosi del piano basale. 


PIANO MONTANO 


Formazioni a latifoglie decidue mesofile 


I rilievi eseguiti in tale tipo di bosco (Tab. 4) sono tutti al di sopra di 
1300 m di altitudine. L'analisi nodale ha messo in evidenza, quali specie 
differenziali di queste fitocenosi, numerosi taxa caratteristici di Fagetalia e 
Querco-Fagetea (Fagus sylvatica, Galium odoratum, Orthilia secunda, Sanicula 
europaea, Poa sylvicola, Epipactis helleborine, Viola reichenbachiana, Aremonia 
agrimonoides). Il carattere tipicamente europeo della florula di questi boschi si 
riscontra pure nelle specie non strettamente nemorali (di radura o di orlo 
boschivo), che, a causa della forte azione di disturbo, entrano a far parte del 
corteggio floristico di tali faggete (Astragalus glycyphyllos, Galium album, Veronica 
officinalis, Silene vulgaris). Notevole è la presenza pure di Pinus laricio, dovuta 
però in queste fitocenosi all'azione umana di rimboschimento. Spesso entrano in 
questi boschi, soprattutto nelle situazioni più aperte, alcune specie trasgressive 
delle cerrete (Quercus cerris, Crepis leontodontoides, Festuca heterophylla, Achillea 
ligustica) e dei pascoli (Hieracium hoppeanum, Sedum tenuifolium, Trifolium 
pratense, Helianthemum nummularium, ecc.). 

I rilievi riportati in Tab. 4 sono relativi a stazioni molto disturbate: indice 
di ciò è la massiccia presenza di origine antropica di Pinus laricio. Probabilmente 
per tale motivo risultano rare le specie considerate da Gentile (1969) 
caratteristiche dell'alleanza meridionale-orientale Geranio-Fagion: infatti sono 
presenti unicamente Geranium versicolor e Doronicum orientale. Le faggete meno 
degradate sul versante ionico della Sila sono situate al di fuori dei limiti dell'area 
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Tab. 4 - Rilievi di faggeta. Le specie sporadiche sono riportate in appendice. 


Relevés of beech wood. The rare species are in the appendix. 


Rilievo n° 

Altitudine (x10 m) 
Esposizione 
Inclinazione (9 
Superficie (m?) 

Roccia affiorante (%) 
Cop. stratoarboreo (%) 


Strato arboreo: 
Fagus sylvatica 
Pinus laricio 


Strato arbustivo: 
Fagus sylvatica 
Rubussp. 

Pinus laricio 

Cytisus scoparius 
Prunus spinosa 
Crataegus monogyna 
Rosa sp. 

Cytisus villosus 


Strato erbaceo: 
Brachypodium sylvaticum 
Pteridium aquilinum 
Fagus sylvatica pl. 
Galium odoratum 
Pinus laricio pl. 
Orthilia secunda 
Sanicula europaea 

Poa sylvicola 

Vicia sp. 

Hieracium hoppeanum 
Sedum tenuifolium 
Trifolium pratense 
Anthoxanthum odoratum 
Helianthemum nummularium 
Trifolium ochroleucum 
Anthyllis vulneraria 
Luzula forsteri 

Achillea ligustica 
Astragalus glycyphyllos 
Bellis perennis 

Crepis leontodontoides 
Orchis maculata 
Clinopodium vulgare 
Silene vulgaris 
Epipactis helleborine 
Veronica officinalis 
Hypochoeris achyrophorus 
Galium album 

Silene italica 

Quercus cerris pl. 
Festuca heterophylla 
Doronicum orientale 
Fragaria vesca 

Lathyrus venelus 
Dactylis glomerata 
Viola reichenbachiana 
Geranium versicolor 
Aremonia agrimonoides 
Mycelis muralis 
Anthemis montana 
Galium lucidum 
Epilobium sp. 
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della Comunità Montana e quindi non sono trattate nel presente lavoro. Per farsi 
un'idea su quale può essere la vegetazione potenziale di questa fascia, basti 
ricordare che esse sono caratterizzate dalla presenza di Abies alba e di Campanula 
trichocalycina e che corrispondono molto bene dal punto di vista floristico 
all'associazione Asyneumati-Fagetum di Gentile (1969). 


Formazioni a conifere 


Solo su un substrato costituito da sabbia grossolana derivata dal 
disfacimento dei graniti si trovano alcuni lembi di pineta probabilmente 
naturale, in cui entrano molti elementi tipici delle cerrete sottostanti. Queste 
formazioni su sabbia sono caratterizzate dalla presenza di Hypochoeris laevigata e 
Cytisus sessilifolius. Talvolta è presente pure Quercus cerris, mentre nelle schiarite 
sono frequenti Astragalus calabrus e Chamaecytisus spinescens. Questa vegetazione 
Si presenta maggiormente sviluppata sull'altopiano silano, mentre nella zona 
studiata risulta molto frammentaria e ridotta. Va notato che i consorzi a Pinus 
laricio su sfatticcio di granito, con le numerose specie di pascolo e la quasi 
costante presenza di Astragalus calabrus, ricordano i rilievi eseguiti da Barbero e 
Quezel (1976) nei boschi a Pinus pallasiana-Crataegus pycnoloba del Peloponneso, 
dove Astragalus parnassii ha elevati valori di presenza. Gia in Pignatti et al. (1980) 
sono state messe in evidenza le affinità orientali delle formazioni ad Astragalus 
calabrus, considerate uno stadio degradato della pineta a pino laricio, in netto 
contrasto con le affinità occidentali degli astragaleti di Sicilia, Sardegna e 
Corsica. 


Formazioni erbacee 


Sono costituite da pascoli e prati-pascoli xerici su substrato sabbioso. 
Dal punto di vista strutturale, la maggioranza delle specie sono perenni (ca. 
90%, v. Codogno et al., 1987): soprattutto le camefite presentano elevati valori di 
frequenza (Helianthemum nummularium, Thymus pulegioides, Sedum tenuifolium, 
ecc.). 

Dal punto di vista floristico, questa formazione può essere tipizzata 
come comunità a Potentilla calabra-Armeria canescens (Bernardo et al., 1990). 
Specie differenziali di questo tipo di fitocenosi sono: Potentilla calabra, Armeria 
canescens, Festuca circummediterranea, Helianthemum nummularium, Hieracium 
hoppeanum, Sedum tenuifolium, Bunium bulbocastanum, Thymus pulegioides, 
Hypericum barbatum, Leontodon cichoraceus, Plantago serpentina, Petrorhagia 
saxifraga, Anthoxanthum odoratum e Phleum ambiguum. Molte specie che 
concorrono a formare queste fitocenosi sono caratteristiche delle praterie su 
suolo acido sabbioso (Sedo-Scleranthetea: p. es. Plantago serpentina, Petrorhagia 
saxifraga, Sedum tenuifolium, ecc.). La stessa Potentilla calabra appartiene al 
gruppo di Potentilla argentea, la quale è specie caratteristica di Sedo-Scleranthetea. 
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Fig. 3 - Altitudine dei rilievi nei diversi tipi di bosco. Sono indicati il valore medio e la 
deviazione standard. 
Altitude of the relevés in the different wood-types. The mean value and the standard 
deviation are reported. 


A: piano basale (lowland belt) 
B: piano collinare (hill belt) 
C: piano montano (mountain belt) 


1: lecceta (evergreen sclerophyllous wood with Quercus ilex) 
2: bosco a Quercus virgiliana-Acer monspessulanum 

3: bosco a Quercus cerris 

4: bosco a Quercus cerris-Quercus virgiliana 

5: castagneto (chestnut wood) 

6: faggeta (beech wood) 

7: bosco a Quercus frainetto 

8: bosco a Quercus cerris-Ostrya carpinifolia 
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FORMAZIONI AZONALI 


Una tipica formazione azonale è la vegetazione boschiva ripariale che 
accompagna i corsi d'acqua in tutte e tre le fascie di vegetazione individuate. 
Essa è costituita principalmente da Alnus glutinosa, Populus nigra, Salix sp. pl., 
Sambucus nigra ed è determinata dalla presenza di acqua superficiale. 

Legate invece alle condizioni edafiche e morfologiche della fascia 
collinare e montana sono le formazioni ad Alnus cordata. Questa specie a rapido 
accrescimento si comporta da pioniera su substrati a forte erosione e a 
inclinazione elevata, dove si insedia in popolamenti radi o con esemplari sparsi. 


Considerazioni conclusive 


Dal confronto della zonazione verticale della vegetazione forestale della 
Sila Greca sintetizzata in Fig. 3 con i dati riportati in Horvat et al. (1974), Ozenda 
(1975) e Mayer (1984), risulta chiaro il parallelismo esistente fra la vegetazione 
dell'area studiata e quella della penisola balcanica meridionale (Pindo e 
Peloponneso) per le fascie di vegetazione a carattere prevalentemente 
mediterraneo. Con l'aumentare della quota queste somiglianze si indeboliscono 
sempre più e continuano a permanere solo in presenza di un substrato a 
tessitura grossolana derivato dal disfacimento di rocce granitiche. Sugli altri 
substrati prevalgono, con l'aumentare della quota, dapprima Quercus cerris e poi 
Fagus sylvatica in formazioni più o meno simili a quelle di tutto l'Appennino 
meridionale, però più povere di specie caratteristiche. 


Appendice 


Specie sporadiche nei rilievi fitosociologici: 

Tab. 1 - Rilievi di lecceta. 

In 2 rilievi - Strato arboreo: Quercus virgiliana (2,3); Phillyrea latifolia (3,4). Strato 
arbustivo: Acer monspessulanum (1,8); Pistacia lentiscus (2,6); Quercus virgiliana (3,8); Cistus 
salvifolius (5,6). Strato erbaceo: Celtis australis (1,8); Sedum cepaea (1,8); Micromeria sp. (1,8); 
Acanthus sp. (1,8); Sesleria autumnalis (2,4); Pulicaria odora (2,7); Luzula forsteri (4,5); Quercus 
frainetto (4,5); Carex flacca (4,5); Allium triquetrum (4,5); Anemone apennina (4,5); Stellaria 
media (4,5) Crepis leontodontoides (5,8); Allium subhirsutum (6,7). 

In 1 rilievo - Strato arboreo: Erica arborea (4); Quercus frainetto (4); Pirus pyraster (7). Strato 
arbustivo: Lonicera implexa (3); Prasium majus (6); Crataegus monogyna (6); Clematis flammula 
(6); Ligustrum vulgare (7); Cistus incanus (7). Strato erbaceo: Crucianella angustifolia (1); 
Arabis collina (1); Silene italica (1); Quercus virgiliana (1), Poa trivialis (1); Hypochoeris 
achyrophorus (1); Phillyrea latifolia (1); Dactylis glomerata (1); Fraxinus ornus (1); Limodorum 
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abortivum (2); Thalictrum calabricum (4); Melica uniflora (5); Alliaria petiolata (5); Symphytum 
tuberosum (5); Melittis melissophyllum (5); Trifolium pratense (5); Sonchus arvensis (5); Galium 
album (5); Anthoxanthum odoratum (5); Stipa bromoides (6); Clinopodium vulgare (6); Briza 
maxima (8). 

Tab. 4 - Rilievi di faggeta. 

In 2 rilievi - Strato arbustivo: Acer obtusatum (16,23). Strato erbaceo: Jasione montana (1,3); 
Hypericum barbatum (1,7); Centaurea sp. (1,7); Orchis sambucina (3,4); Malva moschata (3,7); 
Viola calcarata (3,7); Petrorhagia sp. (3,7); Cytisus sessilifolius (6,8); Rumex obtusifolius (8,9); 
Poa trivialis (9,10); Cruciata laevipes (9,10); Hieracium sylvaticum (9,10); Thalictrum calabricum 
(10,17); Digitalis micrantha (11,14); Geum urbanum (18,19); Reichardia picroides (21,24). 

In 1 rilievo - Strato arboreo: Populus tremula (10); Alnus cordata (21). Strato arbustivo: 
Pirus pyraster (5); Acer pseudoplatanus (11); Castanea sativa (11); Alnus cordata (21); Quercus 
ilex (24); Abies alba (25). Strato erbaceo: Knautia calycina (1); Carlina vulgaris (3); Stellaria 
media (4); Cruciata glabra (7); Polygala vulgaris (9); Trifolium medium (9); Prunella vulgaris 
(10); Campanula trachelium (13); Cardamine kitaibelii (14); Castanea sativa (16); Abies alba (17); 
Scrophularia canina (17); Lysimachia sp. (17); Geranium robertianum (18); 
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